














































































































































































































































































































































































































































































































































































































































































































































































































































































































































27393A 

_____ K_E_W_A_U_N_E_E_M_A_R_S_H _____ S0urce ________ M_W_0_2_-7_G_S ____ _ 

REPORT OF. TEST OF _________ __,_ __ A_S_T_M_C-_1_36_,_c_-1_1_7 __________ _ 
_____ K_E_W_A_U_N_E_E_M_A_R,...S_H _____ Source _______ M_W_0_2-_7_D_G_S ____ _ 
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STS Consultants Ltd. Project No. 

1 35 KEPLER DR., GREEN. BAY, WI 543.1 1 STS Job No. ---�2�7�3�93�A�----
REPORT OF AN.ALYSIS OF "GGREGATES Date: 1 0/24/2002 

. Report No. 
Architect 
Engineer Contractor 

S ieve Weight % 
Size or No. Retained Retained 
3-lnch 
2-lnch 
1 1 /2-lnch 
1 -lnch 
3/4-lnch 
1/2-lnch 

No. 4 0.0 0.0 
No. 8 
No. 1 0  0.1 0.4 
No. 1 6  
No. 20 
No. 30 
No. 40 1 .4 5 . 1  
No.  50 
No.  80 
No.  1 00 4.0 14 .7 
No. 200 3.5 12.9 

· Pan 18 .2 66.9 
Modulus 

% Specifi-
Passing e<1tions 

1 00.0 

99.6 

94 .5 

79.8 
66.9 

Received at Laboratory 
Quantity Represented · 
Submitted. by 
Sampled From 
Identification 
Date Sampled 
lniended Use 

Remarks: 
Organic Matter, colorimetric 
Coal and Lignite 
Clay Lumps 

27.2 GRAMS 

MW02-2i GS 8'-10' 

Soft 
Percent Absorption 
Specific Gravity 
Dry Rodded Wgi. 
Washed Gradation XX 

Percent Passing No. 200 Sieve 66.9 % 

MARK MUSIAL 

® Tested By 

N 

STS Consultants Ltd. Project No. 

035 KEPLER DR., GREEN BAY, WI 54311 STS Job No. 

Architect 
Engineer 

REPORT OF ANALYSIS OF AGGREGATES 

Contractor 

Date: 1 0/24/2002 

Report No. 

Sieve Weight % % Specifi-
Size or No. Retained Retained Passing cations Received at Laboratory 
3-lnch Quantity Represented 31 .6 GRAMS 
2-lnch Submitted by 
1 1/2-lnch Sampled From MW02-3i GS 8'-10' 
1 -lnch Identification 
3/4-lnch Date Sampled 
1/2-lnch Intended Use 

0.0 0.0 1 00.0 
No. 4 0.2 0.6 99.4 Remarks: 
No. 8 Organic Matter, colorimetric 
No. 1 0  0.3 0.9 98.5 Coal and Lignite 

. No. 1 6  Clay Lumps 
No. 20 
No. 30 Soft 
No. 40 2.0 6.3 92.2 Percent Absorption 
No. 50 Specific Gravity 
No. 80 Dry Rodded Wgt. 
No. 1 00 4.7 14.9 77.3 Washed Gradation XX 
No. 200 2.8 8.9 68.4 Percent Passing No. 200 Sieve 68.4 % 

Pan 21 .6  68.4 
)fineness Modulus 

MARK MUSIAL 

Tested By 

Project _____ K_E_W_A_U_N_E_E_M_A_R_Sl __ i ____ Source _____ ___ M_W_02_-_2i_G_S ____ _ 

REPORT OF TEST OF ______________ A_S_TM_c_-1_3_6_, c_-_1_11...,...... ___________ _ 

13/8-lnch 
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)Fineness 
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REPORT OF TEST OF 

)318-l nch 
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STS Consultants Ltd. Project No. 

1._�5 KEPLER DR., GREEN BAY, WI 54311  STS Job No. 

1 REPORT OF ANALYSIS OF AGGREGATES Date: 1 0/24/2002 

Architect 
Engineer 
Project 

Report No. 

Contractor 

Sieve Weight % % .Specifi-
Size or No. Retained Retained Passing cations Received at Laboratory 
3-lnch Quantity, Represented 1 7.3 GRAMS 
2Cinch Submitted by 
1 1 /2-lnch Sampled From MW02-1GS 5'-7' 
1 -lnch 'Identification 
3/4-lnch Date Sarppled 

' 1/2-lnch Intended Use 
3/8-lnch 
No. 4 0.0 0.0 1 00.0 Rel)'larks: 
No. 8 Organic Matter, colorimetric 
No. 10  1 . 1 6.4 93.6 Coal and Lignite 
No. 16  Clay Lumps 
No. 20 Chert 
No. 30 · Soft 
No. 40 4.1 23.7 69.9 Percent Absorption 
No. 50 Specific Gravity 
No. BO ) Dry Rodded Wgt. 
No. 1 00 4.8 27.7 42.2 Washed Gradation XX 
No. 200 1 .5 8.7 33.5 Percent Passing No. 200 Sieve 33.5 % 

Pan 5.8 33.5 
Modulus 

MARK MUSIAL 

Tested By 

STS Consultants Ltd. Project No. 

035 KEPLER DR., GREEN BAY, WI 54311 STS Job No. 

Architect 
Engineer 
Project 

REPORT OF ANALYSIS OF AGGREGATES Date: 1 0/24/2002 
Report No. 

REPORT OF TEST OF ASTM C-136, C-1 1 7  

Sieve Weight % % Specifi-
Size or No. Retained Retained Passing cations Received at Laboratory 
3-lnch Quantity Represented 289.1 GRAMS 
2-lnch Submitted by 
1 1 /2-lnch Sampled From MW02-1d GS 20'-22' 
1 -lnch Identification 
3/4-lnch Date Sampled 
1/2-lnch 0.0 0.0 100.0 Intended Use 

28.0 9.7 90.3 
No. 4 EiO.B 21 .0  69.3 Remarks: 
No. 8 Organic Matter, colorimetric 
No. 10  57.1 19.8 49.5 Coal and Lignite 
No. 16  Clay Lumps 
No. 20 Chert 
No. 30 Soft 
No. 40 82.2 28.4 21 .1  Percent Absorption 
No. 50 Specific Gravity 
No. BO Dry Rodded Wgt. 
No. 100 30.1 10.4 1 0.7 Washed Gradation XX 
No. 200 8.2 2.8 7.9 Percent Passing No. 200 Sieve 7.9 % 

Pan 22.7 7.9 
Modulus 

MARK MUSIAL 

Tested By 

27393A 27393A 

________________ Contractor 

_____ K_E_W_A_U_N_E_E_M_A_R_S_H~ ___ Source __ ;...._ _____ M_W_02_-_1G_S_:_ ___ _ _ ___ __.:_K:.:E:..:.W:..:.A..:.:U:..:.N:.::.E:.:E:..:.M:..:.A:..:R:..:S=.:H:..:._· ____ Source _______ M_W_0_2_-1_d_G_S_2_0_'-_22_' __ _ 

REPORT OF TEST OF ASTM C-136, C-117 
-------------------------------

, 
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}'B-lnch 
f 

Particles _____________ _ Particles --------------

j ineness 'J 
Fineness 

Checked by: ____ R_JP ____________________________ _ Checked by: ____ R:..:.JP:__ ____________________________ _ 
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STS Consultants Ltd. 
1 035 KEPLER DR., GREEN BAY, WI 5431 1 

Project No. 

STS Job No. 

Date: 
27393A J REPORT OF ANALYSIS OF AGG REGATES 1 2/20/2002 

Architect 
Engineer 
Project 

Report No. 

REPORT OF TEST OF ASTM C-136, C-1 1 7  

SJeve Weight % % Specifi-
Size or No. Retained Retained Passing cations Received at Laboratory 
3-lnch Quantity Represented 48.8 GRAMS 
2-lnch Submitted by 
1 112-lnch Sampled From · MW-02-81 S-2 9.0'-9.5' 
1 -lnch - Identification 
3/4-lnch Date Sampled 
1/2-lnch Intended Use 
3/8-lnch 
No. 4 0.0 0.0 1 00.0 Remarks: 
No. 8 Organic Matter, colorimetric 
No. 1 0  0.8 1 .6 98.4 Coal and Lignite 
No. 1 6  Clay Lumps 
No. 20 Chert 
No. 30 Soft 
No. 40 3.8 7.8 90.6 Percent Absorption 
No. 50 Specific Gravity 
No. 80 Dry Rodded Wgt. 
No. 1 00 5.6 1 1 .5 79. 1 Washed Gradation XX 
No. 200 5.0 1 0.2 68.9 Percent Passing No. 200 Sieve 68.9 % 

Pan 33.6 68.9 
Fineness Modulus 

RJP 
MARK MUSIAL 

Tested By 

Contractor ---------------
_____ K_E_W_ A_U_N_E_E_M_ A_ R_:_,H _____ Source ____ B_O_R_I_N_G_M_W_-_0_2-_8_1 _SA_M_ PL_E_2 __ 

) 
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STS Consultants Ltd. Project No. 

1035 KEPLER DR., GREEN BAY, WI 5431 1 STS Job No. / )  
Architect 
Engineer 
Project 

REPORT OF ANALYSIS OF AGGREGATES Date: 1 0/24/2002 

Report No. 

Sieve Weight % % Specifi-

Size or No. Retained Retained Passing cations Received at' Laboratory 
3-lnch Quantity Represented 79.6 GRAMS 
2-lnch Submitted by 
1 1 /2-lnch Sampled From MW02-4d GS 18'-20' 
1 -lnch Identification 
3/4-lnch Date Sampled 
1 /2-lnch Intended Use 
3/8-lnch 
No. 4 Remarks: 
No. 8 Organic Matter, colorimetric 
No. 1 0  0.0 0.0 1 00.0 Coal and Lignite 
No. 16 Clay Lumps 
No. 20 
No. 30 Soft Particles 
No. 40 0.1 0.1 99.9 . Percent Absorption 
No. 50 Specific Gravity 
No. 80 Dry Rodded Wgt. 
No. 100 0.8 1 .0 98.9 Washed Gradation XX 
No. 200 4.2 5.3 93.6 Percent Passing No. 200 Sieve 93.6 % 

Pan 74.5 93.6 
Fineness Modulus 

MARK MUSIAL 

STS Consultants Ltd. 
1035 KEPLER DR., GREEN BAY, WI 54311 

Project No. 

STS Job No. 

Date: 
---�27�3�9�3A�--- � 

Architect 
Engineer 

REPORT OF ANALYSIS OF AGGREGATES 

Contractor 
Report NCl. 

1 0/24/2002 I 

REPORT OF TEST OF 

Sieve Weight oJo % Specifi-

Size or No. Retained Retained Passing cations Received at Laboratory 
3-lnch. Quantity Represented 77.9 GRAMS 
2-lnch Submitted by 
1 1 /Z-Inch Sampled From MW02-4i GS 8'-10' 
1 -lnch Identification 
3/4-lnch Date Sampled 
1/2-lnch Intended Use 
3/8-lnch 
No. 4 0.0 0.0 1 00.0 Remarks: 
No. 8 Organic Matter, colorimetric 
No. 1 0  0.4 0.5 99.5 Coal and Lignite 
No. 1 6  Clay Lumps 
No. 20 
No. 30 Soft 
No. 40 3.0 3.9 95.6 Percent Absorption 
No. 50 Specific Gravity 
No. 80 Dry Rodded Wgt. 
No. 1 00 9.1 1 1 .7 83.9 Washed Gradation XX 
No. 200 16.3 20.9 63.0 Percent Passing No. 200 Sieve 63.0 % 

Pan 49.1 63.0 
Fineness Modulus 

MARK MUSIAL 

Tested Bv 

27393A 

Contractor 

_____ K_E_W_A_U_N_E_E_M_A_R_S_H _____ Source. ________ M_W_0_2_-4_d_G_S ____ _ 

REPORT OF TEST OF _ ____________ A_S_T_M_C_-_13_6_,_C_-1_1_7 ___________ _ 

Project _ ____ K_E_W_A_U_N_E_E_M_A_RS_H _____ Source ________ M_W_0_2_-4_i_G_S ____ _ 

ASTM C-136, C-117 

Chert _______________ _ 
Chert ·--------- -------

Particles _____________ _ 

Checked by: ___ __:_R=J.:..P ____________________________ _ Checked by: ___ __:_R.:::J.:..P ________ -,-____________ _______ _ 
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Chart 1-3 
Soil Arsenic -vs- Soil Organic Matter 
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State of Wisconsin SOIL B ORING LOG INFORMATION 
Department ofNatural Resources Form 4400-1 22 Rev. 5-97 

Route To: Watershed/WastewaterO Waste Management O 
Other 0 Remediation/RedevelopmenO 

Kewaunee Marsh Arsenic Area MW02- 1 (SB02-
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Niethod 

STS Consultants Ltd. - K. Christen - STS Project No. Hollow-stem 
27393A 7/24/2002 7/24/2002 auger 

WI Unique Well No. Well ID No. Common Well Name Final Static Water Elevation Diameter 
PK1 94 MW02- 1 · . Ft. 583.0 Ft. 6.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 , , Local Grid Location (If applicable) 
State Plane 243,796 N, 2,6 1 6,425 E S / C / N  Lat. -- --

O N  D E  
NE 1 /4 of SW 1 /4 of Section 7, T 23 N, R 25 E Long. 

0 ' " Feet 0 S Feet 0 W 
Facilicy ID Code Civil Town!Cicy/ or Village 

Kewaunee Town of Pierce 

'2 Soil/Rock Description -.; .• 

Soil 

� c � � � -o § And Geologic Origin For ·;; 2l "' ..:X: � 0 p Cl "' "' c 
"' � 

.;: � U Each N1ajor Unit f/l :2 co � �c E c � _ -._ E E bll o ;::: u o. :::: bil E "' � ·- ·.;:::"' o E c u 0 f/) "' bD .., "' o ·- c E o 

..5 
;S 0. "' 

,, 

Fill: Railroad ballast 

Very dark grayish-brown (2.5Y 3/2) organic silt 
trace shells - moist - loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 7.5 feet with 
hollow-stem auger. 
Installed monitoring well at 7.5 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. __) Signatu Firm STS Consultants, Ltd. 
1 03 5  Kepler D ive, Green Bay, WI 543 1 1  

33.5 

Tel:  920-468-1 978 
Fax: 920-468-33 1 2  

This form i s  authorized b y  Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions of this form i s  mandatory. Failure to file this form rna 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, the completed fon 
should be sent. 4 3. 

Facility/Project Name 

Sample 

o:i 0 
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'
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400- 1 22 Rev. 5-97 

Route To: Watershed/WastewaterD 
Remediation!RedevelopmenO 

Facility/Project Name 
Kewaunee Marsh Arsenic Area 

Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - K. Christen - STS Project No. 

Waste ManagementD 
Other D 

License/Permit/Monitoring Number 
Page of 1 

Boring Number 
MW02-l i  

Date Drilling Started Date Drilling Completed Drilling Method 

Hollow-stem 
27393A 7/24/2002 7/24/2002· auger 

WI Unique Well No. Well ID No. Well Name Final Static Water Surface Elevation Borehole Diameter 
PK1 95 MW02- l i  Ft. 580.5 Ft. 6.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: 0 ) . I 0 1 11 
Local Grid Location (If applicable) 

State Plane 243 ,796 N, 2,6 1 6,425 E S / C / N  Lat. -- -- 0 N 0 E 
NE 1 /4 of SW l /4 of Section 7, T 23 N, R 25 E Long. 

0 1 11 
Feet D S Feet D W 

Facility ID Code Civil Town/City/ or Village 
Kewaunee 3 1  Town ofPierce 

Fill: Ballast 

Very dark grayish-brown (2.5Y 312) organic silt 
trace to some clay and shells - moist - loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 1 2.0 feet with 
hollow-stem auger. 
Installed monitoring well at 1 2.0 feet with 2.5  foot 
pre-packed PVC well screen, 0.006 slot. 

Firm STS Consultants, Ltd. 

. ....... 

1 035 Kepler Drive, Green Bay, WI 543 1 1  

Soil 

62.2 

Tel: 920-468-, 
Fax: 920-468-3 3 1 2  

This form i s  aut orized b y  Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions o f  this form is mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent: 

Sample 
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-., ., 
[.i, 

.5 

..c: 
0. ., 
Cl 
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ICommon 

Soil/Rock Description 
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Cl E 
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I hereby certify that the information on this form is true and correct to the best of my knowledge. 



State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400- 122 Rev. 5-97 

· Route To: Watershed/WastewaterO 
Remediation!RedevelopmenO 

Facility/Project Name 
Kewaunee Marsh Arsenic Area 

Waste ManagementO 
Other 0 

License/Permit/Monitoring Number 
Page 1 of 1 

Boring Number 
MW02-l d  

Boring Drilled By (Firm name and name of crew chiet) Date Drilling Started Date Drilling Completed Drilling Method 
STS Consultants Ltd. - K. Christen - STS Project No. Hollow-stem 
27393A 7/24/2002 7/24/2002 auger 

WI Unique Well No. Weli iD No. Well Name Final Static Water Surface Elevation Diameter 
PK196 . MW02- l d  Ft. 583 .0 Ft. 8.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 1 , Local Grid Location (If applicable) 
State Plane 243,803 N, 2,6 1 6,425 E S / C / N  Lat. -- -- 0 N 0 E 
NE 1 /4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 

0 1 " 
Feet 0 S Feet 0 W 

Facility ID Code 
Kewaunee 3 1  

Civil Town/City/ or Village 
Town of Pierce 

Soil 

Q(! :5 ll ;:; Soil/Rock Description 
OJ 

., ti � § � And Geologic Origin For -� ll 
'""' o. < � u0 5 en -� 8 0 � £ � +-� :::: 
_g � ..:; � ...c Each M ajor Unit u ...c � � 5.. !:!J � .Ej -o ·;::; >< 0 ..._ E § ""'r:: gf 8 ..§ i5. en � bll � � S E ;:; ·- r:: ·g. ·§ "' OJ o § § 

Fill: Ballast 

Black (lOYR 2/1 )  organic peat - trace roots - moist 
loose to soft 

Very dark grayish-brown (2.5Y 3/2) organic silt 
trace shells - moist - loose to soft 

Dark grayish-brown (2.5Y 4/2) sandy silt - trace 
gravel - trace cobble 

End of Boring. 
Boring advanced from 0.0 feet to 20.0 feet with 
hollow-stem auger. 
Installed monitoring well at 20.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 

. . . . 
. . . 

. 

Signature STS Consultants, Ltd. 
1 03 5  Kepler Drive, Green Bay, WI 543 1 1  

7.9 

Tel: 920-468- 1 978 
Fax: 920-468-3 3 1 2  

This form i s  authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions o f  this form i s  mandatory. Failure to file this form m; 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fon 
should be sent. 
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State of Wisconsin 
Department of Natural Resources 

Facility/Project Name 

Route To: Watershed/WastewaterO 
Remediation/R.edevelopmenO 

Kewaunee Marsh Arsenic Area 
Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 

Waste Management O 
Other O 

SOIL BORING LOG INFORMATION 
Form 4400- 1 22 Rev. 5-97 

Page 1 of 1 
License/Permit/Monitoring Number Boring Number 

MW02-2 (SB02-� 
Date Drilling Started Date Drilling Completed Drilling Method 

7/17/2002 7/1 7/2002 Hand auger 
WI Unique Well No. Well lD No. Well Name 

N958 MW02-2 
Final Static Water Surface Elevation Diameter 

Ft. 580.4 Ft. 6.0 Inches 
Boring Location or Local Grid Origin (Check if estimated: 0 ) 
State Plane 244,263 N, 2,6 1 6,908 E S I C IN 

NE 1 /4 of SW 1/4 of Section 7, T 23 N, R 25 E I 0 , , Local Grid Location (If applicable) 
Lat. -- -- 0 N 0 E 
Long. 0 ' " Feet 0 S Feet 0 W 

Facility ID 
Kewaunee 

,......_ ..... Soil/Rock Description 

Code Civil Town/City/ or Village 
Town of Pierce 

Soil 

08 2,  "' ., ., tl -o "E � And Geologic Origin For ·� 
� g_ < � 6 c VJ u E 0 � f3 2:! 0 -� ;.., ..c: � U - Each Major Unit · ;::: "' - .... bll B· "E ::2 ..... ·;:; -.. � 
a � � 8 5 � � ""§- bl) � � � E' � .� E g. ·a � g o e 

.... � o @ 

B lack ( 1 OYR 211 )  organic peat - trace roots - moist -
loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 5.0 feet with hand 
auger. 
Installed monitoring well at 5.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 
Signature Firm STS Consultants, Ltd. 

1 035 Kepler Drive, Green Bay, WI 543 1 1 

38 . 1  

Tel: 920-468-
Fax: 920-468-33 1 2  

This form i s  authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions of this form i s  mandatory. Failure to file this form may 
result in forfeiture ofbetween $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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D
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D
rilling M

ethod 
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0
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" 
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N
E
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7, 
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N
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L

ong. 
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1 
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Feet 0 S 
Feet 0 W

 
Facility ID

 
C
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3
1 

B
lack (10YR

 2/1) organic peat -trace roots -m
oist

loose to soft 

C
ivil Tow

n/C
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illage 
T

ow
n of P

ierce 

. . • 

V
ery dark grayish-brow

n (2.5Y
 3/2) organic silt w

ith 
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e 
-m

oist -loose to soft 

End of B
oring. 

B
oring advanced fr

om
 0.0 feet to 10.0 feet w

ith hand 
auger. 
Installed m

onitoring w
ell at 10.0 feet w

ith 2.5 foot 
pre-packed PV

C
 w

ell screen, 0.006 slot. 

. 
• 

• 
. 

I hereby certify
 that the inform

ation on this form
 is true and correct to the best of m

y know
ledge. 

Signature 
Firm

 
ST

S C
onsultants, L

td. 
1035 K

epler D
rive, G

reen B
ay, W1

 54311 

Soil 

66.9 

T
el: 920-468-1978 

Fax: 920-468-3312 

T
his form

 is authorized by C
hapters 281, 283,289, 291,292, 293, 295·, and 299, W

is. Slats. C
om

pletions of this form
 is m

andatory. Failure to file this form
 m

: 
result in forfeiture of betw

een $10 and $25,000, or im
prisonm

ent for up to one year, depending on the program
 and conduct involved. Personally identifiable 

inform
ation on this form

 is not intended to be be used for any other purpose. N
O

T
E: See instructions for m

ore inform
ation, including w

here the com
pleted for: 

should be sent. 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/WastewaterD 
· Remediation/RedevelopmenO 

Facility/Project Name 
Kewaunee Marsh Arsenic Area 

Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 

. 

Wl Unique Well No. 
N960 

Well ID No. Well Name 
MW02-3 

Boring Location or Local Grid Origin (Check if estimated: D ) 
State Plane 244,030 N, 2,6 1 6,98 1 E S / C /N 

NE 1 /4 of SW 1/4 of Section 7, T 23 N, R 25 E 

Waste ManagementD 
Other D 

SOIL BORING LOG INFORMATION 
Form 4400- 1 22 Rev. 5-97 

Page of 1 
License/Permit/Monitoring Number Boring Number 

MW02-3 
Date Drilling Started Date Drilling Completed Drilling Method 

7/1 8/2002 7/1 8/2002 Hand auger 
Final Static Water Elevation Surface Elevation Diameter 

Ft. 58 1 .0 Ft. 6.0 Inches 

I 11 Local Grid Location (lf applicable) 
Lat. __ o __ ' ---

D N 0 E 
Long. 

0 ' 11 
Feet D S Feet D W 

Facility ID 
Kewaunee 

Code Civil Town/City/ or Village 
3 1  Town of Pierce 

o(l .5 2) . '-' c to -o  ;:! ., � � 0 '- 0.  "' ;.., ..<:: ., u .o f-<  .... ;> � E -o bO O  c 0 · o 

., ., 
1-l-< 
.5 
..<:: c. ., 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

Black ( lOYR 2/1 )  organic peat - trace roots - moist 
loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 5 .0 feet with hand 
auger. 
Installed monitoring well at 5.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

8 � 8 

I hereby certifY that the information on this form is true and correct to the best of my knowledge. 
Signature Firm STS Consultants, Ltd. 

1 03 5  Kepler Drive, Green Bay, WI 543 1 1  

Soil 

., ;> 
·;;; "' ..c ., 0 � to 11 c ·c:.; o. c  "' � ::2 ...... ·- )( a ., ;:! ·- tJ ., "i5 c o- a 0 t: ro -o - c 

"' 
c ., 

0 � § 0 N O' o 

45.3 

Tel: 920-468-.  
Fax: 920-468-33 1 2  

This form i s  authorized by Chapters 28 1 ,  283, 289, 2 9 1 ,  292, 293, 295, and 299, Wis. Stats. Completions o f  this form is mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including �here the completed form 
should be sent. 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/WastewaterO 

SOIL BORING LOG INFORMATION 
Form 4400- 1 22 Rev. 5-97 

� Remediation!RedevelopmenO 
Waste Management O 
Other 0 

) Page 1 of 1 
Facility/Project Name License/Permit/Monitoring Number Boring Number 

Kewaunee Marsh Arsenic Area MW02-3i 
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 7/1 8/2002 7/1 8/2002 Hand auger 

WI Unique Well No. Well ID No. Well Name Final Static Water Elevation Diameter 
PK201 MW02-3i Ft. 580.9 Ft. 6.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 , 11 Local Grid Location (If applicable) 
State Plane 244,032 N, 2,6 1 6,978 E S / C /N Lat. -- -- 0 N 0 E 
NE 1 /4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 0 ' 11 

Feet 0 S Feet 0 W 
Facility ID Code Civil Town/City/ or Village 

Kewaunee 3 1  Town of Pierce 
Soil 

o"<l_ ;5: l!1 <> Soil/Rock Description 
-- u -� ., :t:: -o § "'-' And Geologic Origin For "' 

b3 � < � 8 � C/1 u E 8 � -5 � 
a �  � § � 'E. Each Major Unit � i co � � � � § -� � ]. ·§ -� � g 0 § 

Black ( l OYR 2/l) organic peat - trace roots - moist 
loose to soft 

: : 
Very dark grayish-brown (2.5 Y 3/2) organic peat 
trace shells - moist - loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 1 0.0 feet with hand 
auger. 
Installed monitoring well at 1 0.0 feet with 2 .5  foot 
pre-packed PVC well screen, 0.006 slot. 

. . 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 
Signature Firm STS Consultants, Ltd. 

1 03 5  Kepler Drive, Green Bay, WI 543 1 1  

68.4 

Tel: 920-468- 1 97 8  
Fax: 920-468-33 1 2  

This form i s  au horized by Chapters 28 1 , 283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions o f  this form i s  mandatory. Failure to file this form m. 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed for 
should be sent. 
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Page 
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D
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D
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D
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H
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W
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illage 

K
ew

aunee 
T

ow
n of Pierce 

B
lack (10Y

R
 2/l) organic peat-tr

ace roots-m
oist

loose to soft 

V
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G
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E
nd of Boring. 

Boring advanced from
 0.0 feet to 20.0 feet w

ith hand 
auger. 
Installed m

onitoring w
ell at 19.3 feet w

ith 2.5 foot 
pre-packed PV

C
 w

ell screen, 0.006 slot. 

I . hereby certifY
 that the inform

ation on this form
 is true and correct to the best of m
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ledge. 

Signatur 
Firm
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S C
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T
el: 920-468-. 

Fax: 920-468-3312 

T
his form

 is authorized by Chapters 281, 283, 289, 291,292, 293,295, and 299, W
is. Stats. C
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pletions of this form
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andatory. Failure to file this form
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ay 

result in forfeiture of betw
een $10 and $25,000, or im

prisonm
ent for up to one year, depending on the program

 and conduct involved. Personally identifiable 
inform

ation on this form
 is not intended to be be used for any other purp

ose. N
O

T
E: See instructions for m

ore inform
ation, including w

here the com
pleted form

 
should be sent. 
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End of Boring. 
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onitoring w
ell at 5.0 feet w

ith 2.5 foot 
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C
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Fax: 920-468-3312 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources 

Route To: Watershed!WastewaterD 
Remediation/RedevelopmenO 

Waste ManagementD 
Other D 

Form 4400- 1 22 Rev. 5-97 

) 1 of 

Kewaunee Marsh Arsenic Area MW02-4d 
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. Hollow-stem 
27393A 7/22/2002 7/22/2002 auger 

WI Unique Well No. Well ID No. Common Well Name Final Static Water Elevation Diameter 
PK1 93 MW02-4d · Ft. 5 80.3 Ft. 8.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: D ) I 0 1 11 Local Grid Location (If applicable) 
State Plane 243 ,909 N, 2,6 1 7,27 1 E S / C / N  Lat. ------- [81 N [81 E 
NE 1 /4 of SW 1 14 of Section 7, T 23 N, R 25 E Long. 

0 1 11 
Feet D S 261 7270.7 Feet D W 

Facility ID Code Civil Town/City/ or Village 
Kewaunee 3 1  · Town of Pierce 

o(J :? <> Soil/Rock Description 

:t: :o' � � And Geologic Origin For 
... g, ..:r: � uo ..s rn u e 
.., ;:.., ..S � Each Major Unit :a � .oe f-< bll o � ..s u c. :::: bll '0 c u  0 c. r/) <ll bll a> <ll 

� o 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 
Signature 

. .# 
Firm STS Consultants, Ltd. 

I 035 Kepler Drive, Green Bay, WI 543 1 1  
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Tel: 920-468-1 978 
Fax: 920-468-33 1 2  

This form i s  authorized b y  Chapters 28 1 ,  283, 289, 291 , 292, 293, 295·, and 299, Wis. Stats. Completions o f  this form is  mandatory. Failure to file this form m� 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fon 
should be sent. 

Facility/Project Name 

Sample 

2o 
., 
Q 

---
- 2 ---
- 4 ---
:....6 ---
:.... 8 ---
=-- 10 ----
- 12 -... -... 
- 14 ... ... -... 
- 16 ... ... -... 
~ 18 
--
- 20 

Page 
License/Permit/Monitoring Number Boring Number 
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Black (IOYR 2/1) organic peat - moist to wet - loose 
to soft 

Very dark grayish-brown (2.5 Y 3/2) organic silt with 
peat and shells - moist to wet - loose to soft 

Very dark grayish-brown (2.SY 3/2) organic silt -
trace sand - moist to wet - loose to soft 

... 0 
c., ...:i 

• I- . ·.-.· . 
1-------------- --------+-----11-----;.• ~I-· . 

Dark gray (5YR 4/1) silty clay 
. :::: 1- · 
· - i-· ·= •, . - . 

1----- ----- ------------+-----11------i; .•. 

End of Boring. 
Boring advanced from 0.0 feet to 20.0 feet with 
hollow-stem auger. 
Installed monitoring well at 20.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed!WastewaterD 
Remediation!RedevelopmenO 

Waste ManagementD 
Other D 

SOIL BORING LOG INFORMATION 
Form 4400-1 22 Rev. 5-97 

Page 1 of -
Facility/Project Name License/Permit/Monitoring Number Boring Number 

Kewaunee Marsh Arsenic Area MW02-4dr 
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. Hollow-stem 
27393A 1 0/3/2002 1 0/3/2002 auger 

WI Unique Well No. Well ID No. Well Name Final Static Water Surface Elevation Borehole Diameter 
JY888 MW02-4dr Ft. 580.3 Ft. 6.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: D ) I Lat. 
0 I II Local Grid Location (If applicable) 

State Plane 243 ,907 N, 2,6 1 7,272 E S / C /N -- --
NE 1/4 of 1/4 of Section 7, T 23 N, :R 25 E Long. 0 I II 

Facility ID County Code Civil Town/City/ or Village 
Kewaunee . 3 1  Town of Pierce 

o:d :?  - Soil!Rock Description cu 23 cu t: :;'  c cu And Geologic Origin For > 
:::> .... ·v;  cu < � 0 .5 e Q � -= '-' 0.  rn 0 cu ;... ..0 cu u Each Major Unit :.a Ol � '"' OD ..O f-<  bD �  � -s u � bll ... o. c  E -o  0.. :::::: Q E cu c 0 0 cu rn cu Ol 0 ... :::> c cu cu ... 0 Q 

Black ( 1 OYR 2/1 )  organic peat - moist to wet - loose 
to soft 

Very dark grayish-brown (2.5Y 3/2) organic silt with 
peat - trace shells - moist to wet - loose to soft 

Very dark grayish-brown (2.5Y 3/2) silt - trace sand -
moist to wet - loose to soft . . . 

Dark gray (5YR 4/1 )  silty clay 

End of Boring. 
Boring advanced from 0.0 feet to 2 1 .0 feet wtih 
hollow-stem auger. 
Installed monitoring well at 20.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 
Signature Firm STS Consultants, Ltd. 

1035 Kepler Drive, Green Bay, WI 543 1 1 
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This form i s  authorized by Chapters 2 8 1 , 283, 289, 2 9 1 ,  292, 293, 295, and 299, W i s .  Stats. Completions o f  this form is mandatory. Failure to file this form may 
result in forfeiture ofbetween $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department ofNatural Resources Form 4400- 122 Rev. 5-97 

Route To: Watershed/WastewaterD 

Remediation/RedevelopmenO 

Waste Management D 

Other D 

1 of 

Kewaunee Marsh Arsenic Area MW02-5i 
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 7/1 9/2002 711 9/2002 Hand auger 

WI Unique Well No. Well ID No. Well Name Final Static Water Elevation Diameter 

PK204 MW02-5i · Ft. 580.2 Ft. 6 .0 Inches 
Boring Location or Local Grid Origin (Check if estimated: D ) I 0 1 " Local Grid Location (If applicable) 
State Plane 243 ,939 N, 2,6 1 7,382 E S /C/N Lat. -- -- 0 N . 0 E 
NE 114 of SW 114 of Section 7, T 23 N, R 25 E Long. 

0 1 " 
Feet D S Feet D W 

Facility ID County Code Civil Town/City/ or Village 

Kewaunee 3 1  Town of Pierce 

Black ( 10  YR 2/1 )  organic peat - trace roots - moist 
loose to soft 

Very dark grayish-brown (2.5 Y 3/2) organic silt -
8 trace shells - moist to wet - loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 1 0.0 feet with hand 
auger. 
Installed monitoring well at 1 0.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 

Signature Firm STS Consultants, Ltd. 

• • 

. . 
• 

1 035 Kepler Drive, Green Bay, WI 543 1 1  

Soil 
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Tel: 920-468-. 
Fax: 920-468-3 3 1 2  

This form uthorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 29S, and 299, Wis. Stats. Completions o f  this form i s  mandatory. Failure t o  file this form may 
result in forfeiture of between $ 10  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department ofNatural Resources Form 4400-122 Rev. 5-97 

Facility/Project Name 

Route To: Watershed/WastewaterO 

Remediation/RedevelopmenO 

Kewaunee Marsh Arsenic Area 
Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - K. Christen - STS Proj�ct No. 

Waste ManagementO 

Other O 

License/Permit/Monitoring Number 
Page of 

Boring Number 

MW02-6i 
Date Drilling Started Date Drilling Completed Drilling Method 

27393A 7/22/2002 7/22/2002 Hand auger 
WI Unique Well No. Well ID No. Common Well Name Final Static Water Elevation Diameter 

PK206 MW02-6i Ft. 580.3 Ft. 6.0 Inches 
Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 1 11 Local Grid Location (If applicable) 
State Plane 243,768 N, 2,6 1 7,354 E S / C / N  Lat. -- -- 0 N 0 E 
NE 1/4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 

0 1 " 
Feet 0 S Feet 0 W 

F!J.cility ID County County Code Civil Town/City/ or Village 

Kewaunee Town of Pierce 
Soil 

� :5' "' 0> Soil/Rock Description 

.., ti � § � And Geologic Origin For -� 0 � � � -< �  8 .5 E h M · u ·  en '"'  a 0 .., .o f-< t � � ;S ac aJOr mt U :..C :::: � � 5, gf 2 :"52 ..., :§ )( 0 ..._ Ei a "0 t:: <.> 0 0. en §' 00 .., "' a .., ·-o t::o -:;; .., 0 0 a 

Black ( 1  OYR 2/1) organic peat - trace roots - moist 
loose to soft 

. Grayish-brown (2.5Y 3/2) sandy silt - trace shells -
moist - medium dense to medium with fine silty sand 
seams 

End of Boring. 
Boring advanced from 0.0 feet to 10.0 feet with hand 
auger. 
Installed monitoring well at I 0.0 feet with 2 .5  foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 

Signature Firm STS Consultants, Ltd. 

. . 

. 

. . . . 

. . 

1 035 Kepler Drive, Green Bay, WI 543 1 1  

2 1 .8 

Tel: 920-468-i 
Fax: 920-468-33 1 2  

This form i s  authorized by Chapters 28 1 ,  283, 289, 29 1 , 292, 293, 295·, and 299, Wis. Stats. Completions o f  this form i s  mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources 

Route To: Watershed/WastewaterD 
Remediation!R.edevelopmenO 

Waste ManagementD 
Other D 

Form 4400�122 Rev. 5-97 

-J 1 of 

Kewaunee Marsh Arsenic Area MW02-7 (SB02-
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 7/23/2002 7/23/2002 Hand auger 

WI Unique Well No. Well ID No. Well Name Final Static Water Elevation Surface Elevation Diameter 
PK207 MW02-7 Ft. 580.3 Ft. 6.0 Inches 

Boring Location or Local Grid Origin (Check if estimated: D ) I 0 1 11 Local Grid Location (If applicable) 
State Plane 244,050 N, 2,6 1 7,6 1 6 E S /C /N Lat. ---- D N D E  
NE 1 /4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 0 1 11 Feet D S Feet 0 W 
Facility ID Code Civil Town/City/ or Village 

Kewaunee · 3 1  Town of Pierce 

J!l c ;::l 0 u 
5 a5 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

Black ( l OYR 2/1 )  organic peat - trace roots -
desiccated - loose to soft 

Black (1 OYR 2/1 )  silty organic peat 

Very dark grayish-brown (2.5Y 3/2) organic silt -
to some and shells - moist - loose to ·soft 

End of Boring. 
Boring advanced from 0.0 feet to 5.0 feet with hand 
auger. 
Installed monitoring well at 5 .0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

· I hereby certify that the information on this form is true and correct to the best of my knowledge. � Signature Firm STS Consultants, Ltd. 
1 035 Kepler Drive, Green Bay, WI 543 1 1  

"' > 
·;;; � -s  O. gp  a "' 0 ... 

Soil 

� .a 1:: "' �  · - c 0 
0 0 N p... 

66.4 

\ 

Tel: 920-468- 1 978 
Fax: 920-468-33 12 

This form is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295·, and 299, Wis. Stats. Completions of this form is mandatory. Failure to file this form rna: 
result in forfeiture ofbetween $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fom 
should be sent. 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400- 122 Rev. 5-97 

Facility/Project Name 

Route To: Watershed/WastewaterO 

Remediation!RedevelopmenO 

Kewaunee Marsh Arsenic Area 
Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - K. Christen - STS Project No. 

Waste ManagementO 

Other 0 

License/Permit/Monitoring Number 
Page 1 of 1 

Boring Number / 

MW02-7i 
Date Drilling Started Date Drilling Completed Drilling Method 

27393A 7/23/2002 7/23/2002 Hand auger 
WI Unique Well No_. Well ID No. Well Name Final Static Water Surface Elevation Diameter 

PK208 MW02-7i Ft. 580.5 Ft. 6.0 Inches 
Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 , , Local Grid Location (If applicable) 
State Plane 244,047 N, 2,6 17,6 1 8  E S /C/N Lat. -- -- 0 N 0 E 
NE 1/4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 0 ' " 

Feet 0 S Feet 0 W 
Facility lD Code Civil Town/City/ or Village 

Kewaunee 3 1  Town of Pierce 
Soil 

� :5 "' Q) Soil/Rock Description 
Q) 

ti :;' § � And Geologic Origin For -� "' 
._ g, ooct: �  0 s:: � 8 � -= � 0 = 
J5 ?' 'tb � � :S Each Major Unit � ] ::: � � 5. � £l � 1 -� :� � 0 0 E § -g s:: u o fr rn g. co Q) "' 8 § � ·;:; § cr E "' -o � 0' § 

Dark grayish-brown (2.5Y 3/2) organic sandy silt 
with trace shells and peat 

Very dark grayish-brown (2.5 Y 3/2) organic silt -
• . 

roots and shells : 
Very dark grayish-brown (2.5Y 3/2) silty medium • • 

- some shells - moist - loose to medium 
End of Boring. 
Boring advanced from 0.0 feet to 1 0.0 feet with hand 
auger. 
Installed monitoring well at 1 0.0 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

that the information on this form is true and correct to the best of my knowledge. 

Firm STS Consultants, Ltd. 
1 035 Kepler Drive, Green Bay, WI 543 1 1 

6.5 

Tel: 920-468- . 
Fax: 920-468-33 i2 

This form is orized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295; and 299, Wis. Stats. Completions of this form is mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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Sample Properties 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-1 22 Rev. 5-97 

Route To: Watershed/WastewaterO 

Remediation/Red�velopmenO 

Waste ManagementO 

Other O 

Page 1 of 1 
Facility/Project Name License/Permit/Monitoring Number Boring Number 

Kewaunee Marsh Arsenic Area MW02-7d 
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed Drilling Method 

STS Consultants Ltd. - K. Christen - STS Project No. 
27393A 7/23/2002 7/23/2002 Hand auger 

WI Unique Well No. Well ill No. Well Name Final Static Water Surface Elevation Diameter 

PK209 MW02-7d Ft. 580.5 Ft. 6 .0 Inches 
Boring Location or Local Grid Origin (Check if estimated: 0 ) I 0 , , Local Grid Location (If applicable) 
State Plane 244,05 1 N, 2,61 7,620 E S / C /N Lat. -- -- 0 N 0 E 
NE 1/4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 

0 ' " 
Feet D S Feet 0 W 

Facility lD Code Civil Town/City/ or Village 

Kewaunee 3 1  Town of Pierce 
Soil 

Od :? "' ;:; Soil/Rock Description , 
:t:i :;' § � · And Geologic Origin For ·� 0 � U'J C) � -= Q.) ll p -s � u ..c Each Major Unit u :a 0.. OJ) a c :g - :§ >< 0 .__ E E -o gf 8 � i5.. C/) g. OJJ � l;f E § ·§ -0� g. ·a t; , o � E 1U IU _!2 IU ,_, 0 :::::: 8 0 .)::: _!2 ] N 0' 0 

Black (1 OYR 211) organic peat - trace roots - moist -
loose to soft 

1 0  Very dark gray (2.5Y 3/0) sandy organic silt - trace 
shells - moist - loose to soft 

Very dark grayish-brown (2:5Y 3/2) organic silt -

1 8  trace to some clay and shells - moist - loose to soft 

End of Boring. 
Boring advanced from 0.0 feet to 20.0 feet with hand 
auger. 
Installed monitoring well at 20.0 feet with 2.5 foot 
pre-packed stainless steel well screen, 0.006 slot. 

I hereby certify that the information on this form is true and correct to the best of my knowledge. _) Signature Firm STS Consultants, Ltd. 

. . . 

. 

. . 

1035 Kepler Drive, Green Bay, WI 543 1 1  

87.8 

Tel: 920-468-1978 
Fax: 920-468-33 1 2  

This form is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completions of this form is mandatory. Failure to file this form rna 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed forn 
should be sent. 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources 

Facility/Project Name 

Route To: Watershed/WastewaterD 

Remediation!RedevelopmenO 

Kewaunee Marsh Arsenic Area 
Boring Drilled By (Firm name and name of crew chief) 

STS Consultants Ltd. - J. Denneau - STS Project No. 

Waste ManagementD 

Other D 

Form 4400-122 Rev. 5-97 

Page 1 of 1 
License/Permit/Monitoring Number Boring Number 

MW02-8 
Date Drilling Started Date Drilling Completed Drilling Method 

27393A 12/1 6/2002 12/1 6/2002 Hand auger 
WI Unique Well No. Well ID No. Well Name Final Static Water Surface Elevation Diameter 

PK262 MW02-8 Ft. 58 1 . 1  Ft. 8.0 Inches 
Boring Location or Local Grid Origin (Check if estimated: 0 ) I . 0 1 11 Local Grid Location (If applicable) 
State Plane 243 ,808 N, 2,6 1 6,708 E S /C/N Lat. -- -- 0 N 0 E 
NE 1/4 of SW 1/4 of Section 7, T 23 N, R 25 E Long. 0 1 11 

Feet D S Feet D W 
Facility ID Code Civil Town/City/ or Village 

Kewaunee Town ofPierce 

Soil/Rock Description 

And Geologic Origin For 

Each Major Unit 

Black ( 1 OYR 3/1) organic peat - trace roots - moist to 
wet - soft 

C/) u 
C/) 

() � :a .... §- bll -..., Oj .... 0 

Gray ( 10YR 3/1) organic peat - trace roots - moist to 
- loose - soft 

End of Boring. 
Boring advanced from 0.0 feet to 4.5 feet wtih hand 
auger. 

Cl 
Cl 

I hereby certify that the information on this form is true and correct to the best of my knowledge. 

Signature Firm STS Consultants, Ltd. 
1 035 Kepler Drive, Green Bay, WI 543 1 1  

"' > ·;;; � .;:  .... bll o. c  E "' 0 .... u ci5  

Soil 

� 0 c: 2 � ...... ·c::; 2 ·� X "' ;:::l ·� -·c; c:: o- E "' "' Ol "O  
� �  - c 

� c ll) -- E 0 Cl E 0 N O' o  � u  

1 1 .0 

Tel: 920-468-, 
Fax: 920-468-33 1 2  

This form i s  authorized by Chapters 281 , 283, 289, 291 ,  292, 293, 295·, and 299, Wis. Stats. Completions of this form i s  mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,00.0, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 
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Form
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Rev. 5-97 
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it/M

onitoring Num
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Boring N
um

ber M
W

0
2

-8I 
D
ate Drilling Started 

Date Drilling Com
pleted 

Drilling M
ethod 

12/16/2002 
12/16/2002 

H
and auger 

WI
 Unique W

ell N
o. 

W
ell ID N

o. 
W

ell N
am

e 
PK

263 
11V

V02-8I 
Final Static W

ater 
Surface Elevation 

D
iam

eter 
F

t. 
581.0 F
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8.0 Inches 

Boring Location or Local Grid Origin 
(Check if estim

ated: 0
 ) I 

0 
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Local Grid Location (If applicable) 

StatePlane 
243,807

N
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/N
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 N
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N
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 S 
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Code 
Civil Tow
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K
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aunee 
3
1 

T
ow
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ierce 

See log ofM
W
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Black (10YR
 2.5/l) organic silt-som

e shells-m
oist 

loose -soft 
. 

(1 OYR
 4/4) organic silt-som

e shells-
-soft 

End of Boring. 
Boring advanced from

 0.0 feet to 9.5 feet w
ith hand 

auger. 

I hereby certify
 that the inform

ation on this form
 is true and correct to the best of m

y know
ledge. 

Soil 
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Form
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Page 
of 

L
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M
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ber 
B
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um

ber S
B

0
2

-l 
B

oring D
rilled B

y
 (Firm

 nam
e and nam

e of crew
 chief) 

ST
S C

on
su

ltants L
td.-

K
. C

hr
isten

-
ST

S Project N
o. 

27393A
 

D
ate D

rilling Started 
D

ate D
rilling C

om
pleted 

D
rilling M

ethod 

H
ollow

-stem
 

7/24/2002 
7/24/2002 

auger 
W

I U
nique W

ell N
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W
ell ID

 N
o. 

W
ell N

am
e 

Final Static W
ater E

levation Surface E
,levation 

D
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M
W
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F
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 F
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6.0 Inches 

State
P
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N
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S
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. 
L
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12?J N
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B
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L
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N
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C
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K
ew

aunee 
3

1 
T

ow
n o

f
P

ierce 

Soil/R
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A
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E
ach M
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F
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V
ery grayish-brow

n (2.5Y
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End of B
oring. 

B
oring advanced fr
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 0.0 feet to 7.5 feet w

ith 
hollow

-stem
 auger. 

Installed m
onitoring w

ell at 7.5 feet. 
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0
....:1 
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ation on this form

 is true and corr
ect to the best of m
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C. D. Besadny Fish and Wildl ife Area 
Kewaunee, Wisconsin 

�� STS C O N S U LTANTS 
1 035 Kepler Drive 
Green Bay, Wisconsin 5431 1 

920-468-1 978 Phone 

920-468-331 2  Fax 

GIS Application and Geodatabases 

"!XtAJ. ,Me '' Fiv s-;.r ' IS C D  provickJ. w;ft,.. ��f' , ·"' 

F if P.n CL  z. c?. 
STS Consultants, Ltd. a Geographic I nformation System (GIS) for the management 

of the many data layers acquired and generated over the life of the Kewaunee Marsh project. 

The data has been organized in gee-databases by sampling date. Additional data, not 

represented in the GIS appl ication (Kew_Marsh_STS.mxd), may be avai lable within the 

corresponding gee-database. The geodatabase files and layers are relatively referenced 

inside the project, allowing for transportation of the data from one computer to another. 

Please keep the project folder "Kew_Marsh_STS_G I S" intact to preserve the l inking within 

the application (mxd). Layer fi les (symbolization) have been made for al l data visualized in 

the G IS .  The basemap and environmental data layers are located within the 

KewMarsh_DBs" folder and the grid layers are located in  the "Grid_Files" folder. Additional 

layers have been made for the "Callout Labels" used in the final report figures. They are 

located inside the "Callout_Labels" folder. 

Any questions concerning the G I S  data or the application can be directed to JoAnne J. Blank 

at 920-468-1 978 (ext 227) or email -

The following is a list of the g ee-databases available for the project. 

1 .  Kew_Marsh_GI S_Jun03.mdb (All June 2003 Data) 

2.  Kew_Marsh_GI S_FebApr03.mdb (All February and April 2003 Data) 

3. Kew_Marsh_GI S_Nov02.mdb (All November 2002 Data) 

4. Kew_Marsh_GI S_July02.mdb (All July 2002 Data) 

5. Kew_Marsh_G I S_Hist.mdb (Al l  Data from 1 994 - 2001 ) 

6. KewMarsh_G IS_Basemap.mdb (All Basemap Data from WDNR) 

The data layers within the G I S  application have been grouped by the type of data 

represented, and the time period when it was acquired. The following is a l ist of th is data, 
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organized by the groupings. The data type is l isted in parenthesis following the group or layer 

name. 

DATA LAYER LISTING FOR GIS APPLICATION 

1 .  I MAG ERY - Kewaunee Marsh area - 2000 Aerial photo - orthorectified (raster) 

2.  BASEMAP LAYERS (obtained from WDNR) 

a. Rai lroad (Points) 

b. Cyclone Fence (Points) 

c. Cap Perimeter (Line) 

d. Cap Perimeter (Poly) 

3 .  SAMPLE LOCATION LAYERS (POI NTS) 

a. Soil Sample Locations (STS) 

b. STS & DNR GW/MW Locations - 2002-2003 

c. Monitoring Wells (STS only) 

d. DNR Well Locations 

e. Soil & Well Locations - STS - 2002-2003 

f. Surface Soil Locations - November 2002 

g. Surface Water Sample Locations - 2003 

4. G ROUND & SURFACE WATER LAYERS (JUNE 2003) ( POINTS) 

a. Surface Water Arsenic (Filtered) - June 2003 

b. Surface Water - Arsenic (Unfiltered) - June 2003 

c. Groundwater - Arsenic (Shallow -Filtered) - June 2003 (STS & DNR) 

d.  Groundwater - Arsenic ( Intermediate-Filtered) - June 2003 

e. Groundwater - Arsenic (Deep-Filtered) - June 2003 

f. G roundwater - Sulfate (Shal low -Fi ltered) - June 2003 (STS & DNR) 

g. Groundwater - Sulfate ( Intermediate-Filtered) - June 2003 

h.  Groundwater - Sulfate (Deep-Filtered) - June 2003 

THE I N FRASTRU CTURE I M PERATIVE 



STS C O N S U LTANTS 

5. G ROUND & SURFACE WATER LAYERS (FEB - APR IL  2003) (POI NTS) 

a. Surface Water - Arsenic (Fi ltered) - April 2003 

b .  Surface Water - Arsenic (Unfiltered) - April 2003 

c. G roundwater - Arsenic (Shal low-Filtered) - Feb 2003 (STS & DNR) 

d. G roundwater - Arsenic ( I ntermediate-Filtered) - Feb 2003 

e. G roundwater - Arsenic (Deep-Filtered) - Feb 2003 

6 .  G ROUNDWATER & SURFACE SOIL  LAYERS (NOVEMBER 2002) (POINTS) 

a. Surface Soils - I ron - November 2002 

b. Surface Soils - Organic Percent - November 2002 

7. G ROUNDWATER LAYERS (JU LY 2002) (POI NTS) 

a. G roundwater - Arsenic (Shal low-Fi ltered) - July 2002 

b .  G roundwater - Arsenic ( Intermediate-Filtered) - July 2002 

c. G roundwater - Arsenic (Deep-Filtered) - July 2002 

8. SOIL LAYERS (JULY 2002) (POI NTS) 

a. Soil - Arsenic (0-2 ft) - Ju ly 2002 

b. Soil - Arsenic (4-6 ft) - July 2002 

c. Soil - I ron (0-2 ft) - July 2002 

d.  Soil - I ron (4-6 ft) - July 2002 

e. Soil - Aluminum (4-6 ft) - Ju ly 2002 

9. G ROUND & SURFACE WATER LAYERS (1 996-2001 )  ( POINTS) 

a.  Groundwater - Arsenic (Shal low) - 1 51 Quarter 2001 

b. Surface Water - Arsenic (Unfi ltered) - June 1 997 

c. Monitoring Points - Arsenic ( Filtered) - October 1 996 

d.  Surface Pit Water (Unfiltered) - September 1 996 

e. Monitoring Points - Arsenic (Fi ltered) - June 1 996 

f. Surface Pit Water - Arsenic (Unfi ltered) - May 1 996 

g . Monitoring Points - Arsenic (Fi ltered) - April 1 996 
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h .  Groundwater - Arsenic (Shallow-Filtered) - April 1 996 

�� STS C O N S U LTANTS 

i . Monitoring Points - Arsenic (Unfiltered) - 1 996 (All Dates) 

j .  Monitoring Points - Arsenic ( Filtered) - 1 996 (Al l  Dates) 

k. Surface Water - Arsenic - June 1 995 
I. Surface Water - Arsenic - Winter 1 994- 1 995 

1 0. SOIL & PLANT LAYERS ( 1 994 - 1 996) (POI NTS) 

a. Plant Tissue - Historic 1 996 
b.  Surface Soils - Arsenic - 1 996 
c. Deep Soils - Arsenic - 1 996 
d.  Surface Soils - I ron - 1 996 
e. Surface Soils - Arsenic - 1 995 
f. Surface Soils - Arsenic - 1 994 (All Samples) 

g. Surface Soils - Arsenic - 1 994 (Outside Cap Area) 

1 1 .  CONTOUR LAYERS (LINE) 

a. Arsenic Groundwater (Shallow) Contours - June 2003 
b. Sulfate Groundwater (Shal low) Contours - June 2003 
c. Arsenic Surface Soil Contours - November 2002 

1 2. DIFFERENCING G R I DS (GRID) 

a. Arsenic - Groundwater (Shallow) 2003 minus 2001 
b. Arsenic - Groundwater (Shal low) 2003 minus 1 996 
c. Arsenic - Groundwater (Shal low) 2001 minus 1 996 

1 3. 2002 G R I D  LAYERS (GRID) 

a. Arsenic - Groundwater (Shallow-Filtered) - November 2002 
b. Arsenic - Surface Soil - November 2002 
c. Organic Content - Surface Soils - November 2002 
d. Arsenic - Groundwater (Shallow-Filtered) - July 2002 
e. Arsenic - Soil (0-2 ft) - July 2002 
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1 4. 2003 GRID LAYERS (GR ID) 

a. Arsenic - Surface Water (Fi ltered) - June 2003 
b. Arsenic - Groundwater (Shal low-Fi ltered) - June 2003 
c. Sulfate - Groundwater (Shallow-Fi ltered) - June 2003 

�� STS C O N S U LTANTS 

d. Arsenic - G roundwater (Shallow-Fi ltered) - February 2003 
1 5. HISTORIC GR ID  LAYERS (GRID) 

a. Arsenic - Surface Water - 1 51 Quarter 2001 
b. Arsenic - Groundwater (Shal low) - 1 st Quarter 2001 
c. Arsenic - Surface Water - May 1 996 
d. Arsenic - Groundwater (Shal low-Fi ltered) - April 1 996 
e. Arsenic - Surface Water - Winter 1 994-95 
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l 
Sample No. SB02-2 SB02-3 SB02-5 

Sample Depth 0.0-2.0 20-4.0 4.0-5.0 0.0-2.0 2.0-4.0 4.0-5.0 0.0-2.0 2.0-4.0 4.0-5.0 0.0-2.0 
Date 7/25/02 7/25/02 7/25/02 7/24/02 7/24/02 7/24/02 7/24/02 7125/02 7/25/02 7/25/02 7/25/02 l 

Units 

Arsenic (mgllcg) 181 16.6 <2.23 35.4 20.7 <2.39 23 9.04 5.1 1 4.03 1 8.2 

Ash % 16.3 12 13.7 58.6 16.5 l l .5 14.6 12.4 l l .8 9.68 17 
Organic Matter % 83.7 88 86.3 41.4 83.5 88.5 85.4 87.6 882 90.3 83 
Aluminum (mglkg) 1,880 1 ,420 1,490 . 8,780 3,210 1,530 1 ,660 2,170 1,350 2,340 3,470 
Iron (mgllcg) 5,760 2,200 2,170 7,340 5,250 2,550 4,140 3,620 3,520 3,600 4,460 

l Manganese (mglkg) 26.3 17.3 24.7 82 42.2 31.8 28.6 18.5 25.3 38.5 24.4 
pH 6.86 6.98 6.73 7.26 6.73 6.65 6.64 6.71 6.65 6.59 6.51 
Cation Exchange Capacity (mglkg) 76,600 65,600 78,800 NA NA NA NA 65,600 69,600 63,900 NA 

l 
Sample No. SB02-l3 SB02-15 SB02-16 SB02-17 

Sample Depth 0.0-20 2.0-4.0 4.0-5.0 0.0-2.0 2.0-4.0 4.0-5.0 0.0-2.0 2.0-4.0 4.0-5.0 7.0-9.0 9.0-1 1.0 
Date 7/25/02 7/25/02 7/25/02 7/25/02 7125/02 7/25/02 7124/02 7/24/02 7124102 7124/02 7124102 

Units 

] Arsenic (mglkg) 27.8 3.24 2.22 396 60.2 19.3 24.8 4.1 3.15 0.372 <0.746 

Ash % 26.5 32.3 75 29.8 12.4 1 1.6 32 10.7 10.8 98.8 60.9 
Organic Matter % 73.5 67.7 25 70.2 87.6 88.4 68 89.3 89.2 1 .2 39.1 
Aluminum (mglkg) 7,600 9,000 15,100 5,820 1,690 1,580 3,240 1 ,500 1,000 5,710 1,740 
rron (mglkg) 7,960 4,640 1 1,700 8,200 2,450 2,940 4,440 1 ,840 1,660 8,930 2,980 
Manganese (mglkg) 53.8 28.5 88.2 144 18.7 . 28.4 37.5 13.1 22.3 57.2 32 
pH 6.85 6.67 7.63 6.94 6.86 7.02 6.73 7 7.23 7.67 7.16 
Cation Exchange Capacity (mglkg) 56,900 61,400 28,000 54,600 66,700 66,700 NA NA NA NA NA 

Sample No. SB02-22 ffi02-2 ffi02-5 
Sample Depth 0.0-2.0 2.0-4.0 4.0-5.0 0.0-2.0 2.0-4.0 4.0-6.0 6.0-8.0 8.0-10.0 0.0-20 2.0-4.0 4.0-6.0 

Date 7/25/02 7/25/02 7/25/02 7/19/02 7/19/02 7/19/02 7/19/02 7/19/02 7119/02 7119/02 7/19/02 

Units 

Arsenic (mglkg) 1050 205 36.6 11 .6 <2.94 <2.45 <0.386 <1.08 739 167 5.4 

Ash % 28.8 14 9.32 14.7 12.1 12.2 98 81.4 14 19.3 82.9 
Organic Matter % 71.2 86 90.7 85.3 87.9 87.8 2 18.6 86 80.7 17.1 
Aluminum (mglkg) 4,590 1 ,040 873 1,900 1,350 1,950 1,610 5,260 3,670 3,550 7,040 
Iron (mglkg) l l,200 1,750 1,290 3,280 2,850 3,060 2,240 7,410 3,530 3,500 5,990 
Manganese (mglkg) 96.6 14.7 18.7 14.3 15.8 32.2 74.6 212 35.2 20.8 66. 1 
pH 7.06 7.28 6.7 7 7 6.7 7.88 7.23 6.99 6.82 7.45 
Cation Exchange Capacity (mglkg) NA NA NA NA NA NA NA NA NA NA NA 

Notes: 
1) SS02 = Surface soil samples collected in 2002 from depth of 0 to 0.5 feet 
2) SB02 =Soil borings advanced in 2002 
3) mo2 = Intermediate depth soil boring advanced in 2002 
4) DB02 = Deep soil boring advanced in 2002 
5) Soil Phase = Phase separation test sample 

�t 6) DUP refers to a duplicate sample 

--· 
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Table t 
Soil Analytic:al Results 

Kewaunee Marsh 
Kewaunee, WISconsin 

SB02-6 SB02-7 
2.0-4.0 4.0-5.0 0.0-2.0 2.0-4.0 
7/25/02 7/25/02 7124/02 7124/02 

5.39 2.73 202 6.67 

15.3 33.8 29.9 55.9 
84.7 662 70.1 44.1 

3,150 10,500 7,000 9,340 
4,01 0  7,670 6,180 7,660 
34.1 69.9 48.8 45.4 
6.52 6.55 6.51 6.71 
NA NA NA NA 

SB02-1 8  
9.0-11.0 

7124/02 7125/02 7/25/02 7/25/02 

1 .39 1,800 6,520 4,010 

62.2 98.8 19.2 43.7 
37.8 1.2 80.8 56.3 
1 ,550 7,450 1,450 6,060 
3,720 1 1,000 4,680 12,100 
8 1 .6 · 135 74.2 55.8 
8.33 8.32 7.54 7.56 
NA NA NA NA 

6.0-8.0 8.0-10.0 0.0-2.0 2.0-.0 
7/19/02 7/19/02 7122/02 7/22/02 

l .l4 <0.449 139 72.3 

9 1 .6 96.5 25.5 3 1 .4 
8.4 3.5 74.5 68.6 

3,620 1,930 3,150 10,700 
4,870 2,460 2,950 7,490 

171 106 25.7 53.9 
7.56 7.52 6.72 6.69 
NA NA ,NA NA 

Page I cf 3 

4.0-5.0 0.0-2.0 
7/24/02 7/25/02 

1.39 76.5 

85.5 14.6 
14.5 85.4 

7,900 3,210 
8,130 4,840 
261 21.3 
7.49 6.82 
NA NA 

SB02-19 

7/25/02 1125102 

2.3 3.72 

99.1 44.7 
0.9 55.3 

4,380 1,040 
6,820 2,010 
57.8 27.1 
8.24 7.32 
NA NA 

ffi02-6 
4.0-6.0 6.0-8.0 
7/22/02 7122/02 

6.38 <0.392 

80.3 98 
19.7 2 

6,440 1,580 
5,920 2,080 

77 70.8 
7.39 8.02 
NA NA 

SB02-8 
2.0-4.0 4.0-5.0 0.0-2.0 
7/25/02 7/25/02 7/25/02 

3 l.l  8.77 226 

16 21.3 15.1 
85.2 78.7 84.9 

2,780 3,910 2,580 
3,660 4,090 3,630 

24 39.7 45.6 
6.68 6.61 6.93 
NA NA NA 

SB02-20 
0.0-2.0 2.0-4.0 

7/25/02 7/25/02 7/25/02 

0.906 <1.72 <1.74 

72.5 14.7 15.5 
27.5 85.3 84 . .5 

2,770 1,270 2,050 
6,310 6,150 5,460 

226 16.2 25.5 
7.92 6.96 6.92 
NA NA NA 

8.0-10.0 8.0-10.0 DUP 
7122/02 7122/02 

<0.624 <0.501 

90.2 95.7 
9.8 4.3 

4,020 1,930 
5,610 2,370 

203 93.3 
7.49 7.67 
NA NA 

SB02- l l  
2.0-4.0 4.0-5.0 
7/25/02 : 7125/02 

86.8 8.99 

15 15.2 
85 84.8 

2,41 0  3,540 
3,140 3,770 
28.5 40.3 
6.89 6.78 
NA NA 

4.0-5.0 0.0-2.0 
7/25/02 0 7125/02 

' <223 2.38 

18.8 19.1 
8 1 .2 80.9 

2,880 2,720 
4,840 6,850 
55.4 34.1 
6.92 6.68 
NA NA 

0.0-2.0 
7125/02 

360 

33.1 
66.9 

4,160 
5,1 10 
57.4 
7.39 
NA 

SB02-21 
2.0-4�0 
7/25/02 

<1.71 

17.1 
82.9 

2,200 
2,100 

5 
7.37 
NA 

SB02-12 
2.0-4.0 
7/25/02 

88 

41.6 
58.4 

5,570 
6,090 
87.5 
7.22 
NA 

4.0-5.0 
7/25/02 

3.51 

40 
60 

7,080 
15,900 

51.7 
7.53 
NA 

4.0-5.0 
7/25/02 

217 

74.2 
25.8 

5,810 
5,850 

154 
7.7 
NA 

3 . . 
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Sample No. DB02-1 

l Sample Depth 2.0-4.0 4.0-6.0 6.0-8.0 8.0-10.0 10.0-12.0 12.0-14.0 12.0-14.0 
Date 7/24/02 7/24/02 7/24/02 7/24/02 7/24/02 7/24/02 7/24/02 

Units "l Arsenic (mglkg) 1.06 <1 .72 <1 .48 <0583 <0.53 1 .62 1.12 

Ash % 70.2 18.3 40.7 95.1 93.4 98.2 97.8 
Organic Matter % 29.8 81 .7 59.3 4.9 6.6 1 .8 2.2 
Aluminum (mglkg) 1,960 1,050 2,860 1 ,220 2,810 12,100 4,650 1 
Iron (mglkg) 8,450 1,690 5,630 2,350 7,520 14,700 7,330 
Manganese (mglkg) 103 50.1 192 309 240 9S.4 69.4 
pH 6.79 6.87 7.86 8.28 8.18 8.41 8.24 
Cation Exchange Capacity (mglkg) NA NA NA NA NA NA NA 

l 
Sample No. DB02-4 

Sample Depth o.o-2.0 2.0-4.0 4.0-5.0 5.0-6.0 6.0-8.0 8.0-10.0 10.0-12.0 
Date 7/23/02 7123/02 7/23/02 7/23/02 7123/02 7/23/02 7/23/02 

Units 

Arsenic (mglkg) 534 236 308 5.75 2.35 18.9 0.865 

Ash % 29.5 19 39.3 78.8 82.8 86.1 84.8 
Organic Matter % 70.5 81  60.7 21.2 17.2 13.9 15.2 
Aluminum (mglkg) 2,850 3,320 6,920 4,400 6,320 5,610 6,240 
Iron (mglkg) 4,950 3,470 6,160 6,400 7,750 7,940 9,080 
Manganese (mglkg) 70.6 34.8 68.1 185 214 294 289 
pH 7.67 7.15 7.38 7.57 7.48 7.49 7.62 
Cation Exchange Capacity (mglkg) NA NA NA NA NA NA NA 

Sample No. DB02-7 
Sample Depth 0.0-2.0 2.0-4.0 4.0-6.0 6.0-8.0 8.0·10.0 10.0-12.0 

Date 7/23/02 7123/02 7/23/02 7/23/02 7/23/02 7/23/02 7/23/02 

Units 

Arsenic (mglkg) 87.7 9.7 0.86 0.968 0.539 <0.577 0.665 

Ash % 24.1 63.1 91.9 88 92.1 90.8 95.8 
Organic Matter % 75.9 36.9 8 .1  12  7.9 9.2 4.2 
Aluminum (mglkg) 7,540 17,500 5,010 5,960 4,870 5,280 2,330 
Iron (mglkg) 7,880 1 1,900 5,740 6,730 5,570 6,200 3,820 
Manganese (mglkg) 57.1 88.2 183 199 188 194 101 
pH 6.74 6.87 7.93 7.77 7.88 7.56 7.67 
Cation Exchange Capacity (mglkg) NA NA NA NA NA NA NA 

Notes: 
I) SS02 = Surface soil samples collected in 2002 from depth of 0 to 0.5 feet 

J 2) SB02 =Soil borings advanced in 2002 
3) ffi02 = Intermediate depth soil boring advanced in 2002 
4) DB02 = Deep soil boring advanced in 2002 

j @4 5) Soil Phase = Phase separation test sample 
6) DUP refers to a duplicate sample 

J 
J 

0.0-2.0 
7/18/02 

24 

77 
23 

4,140 
7,620 

181 
7.69 
NA 

12.0-14.0 
7/23/02 

1 .65 

90.8 
9.2 

4,040 
7,210 
255 
7.8 
NA 

12.0-14.0 
7123/02 

0.634 

89.9 
10.1 

5,450 
8,160 
233 
7.35 
NA 

Table 1 
Soil Analytical Results 

Kewaunee Marsh 
Kewaunee, Wisconsin 

2.0-4.0 4.0-6.0 
7118/02 7/18/02 

134 17.5 

17.1 14.4 
82.9 85.6 
1,530 1,420 
2,390 2,340 
23.5 23.8 
7.19 6.92 
NA NA 

14.0-16.0 16.0-18.0 
7123/02 7/23/02 

1.49 1 .61 

87.2 90 
12.8 10 

8,250 9,220 
12,800 15,600 

261 322 
7.37 7.58 
NA NA 

14.0-16.0 16.0-18.0 
7/23/02 7/23/02 

1.16 1.04 

89.3 89.4 
10.7 10.6 

7,930 6,760 
1 1,600 10,900 

286 260 
7.29 7.23 
NA NA 

Page 2 c,f3 

6.0-8.0 8.0-10.0 
7/18/02 7/18/02 

1.54 <1.15 

55.4 79.3 
44.6 20.7 
6,510 2,660 
6,150 4,140 
68.2 127 
7.53 7.77 
NA NA 

DB04-4-2 
18.0-20.0 8.Q-10.0 DUP 
7123/02 7/23/02 

2.07 5.28 

94.6 85.4 
5.4 14.6 

17,200 6,030 
25,000 8,560 

490 308 
8.01 7.43 
NA NA 

SB02-20 
18.0-20.0 2.0-4.0 DUP 
7/23/02 7/25/02 

1 .07 <1.65 

88.7 16.8 
1 1.3 83.2 

9,740 1,840 
15,300 4,760 

300 28 
7.34 7.17 
NA NA 

DB02-3 
10.0-12.0 12.0-14.0 12.0-14.0 14.Q-16.0 16.0-18.0 18.0-20.0 
7118102 7/18/02 7/1 8/02 7/18/02 7/18/02 7/18/02 

1.85 2.39 1.4 1 .83 2.05 2.09 

86.9 85.9 87 86.9 90.7 85.8 
13.1 14.1 13 13.1 9.3 14.2 

5,860 6,160 6,480 9,560 13,700 7,840 
8,480 8,710 9,140 12,800 21,400 1,460 
273 283 296 291: 437 481 
7.63 7.83 7.73 7.5� 7.94 7.88 
NA NA NA N� NA NA I 

SB02-23 SS02 3 SS02 4 SS02 5 SS02 6 SS02 7 
4.0-5.0 Soil 

7/l8/02 1 1/13/02 1 1/13/02 l l/13/02 1 1113/02 1 1/13/02 

164 213 250 17.5, 79.9 449 

NA 19.6 55.5 12.9 14.2 13.8 
NA 80.4 45 87.1 85.8 862 
NA 2,570 3,280 1 ,780 2,680 1,440 
NA 1 1,600 6,750 4,810 4,400 6,750 
NA 104 201 72.6 69.6 173 
NA 7.55 7.91 7.19 7.2 7.19 
NA NA 42,300 NA NA NA 
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l 
l 
l Sample No. 

Sample Dep·th 

Units 

Arsenic (mglkg) 

Ash % 
Organic Matter % 
Aluminum (mglkg) 
Iron (mglkg) ' 
Manganese (mglkg) 

- l  
pH 
Cation Exchange Capacity (mglkg) 

Sample No. 
Sample Depth 

Units 

Arsenic (mglkg) 

Iron (mglkg) 
pH 
Sodium (mglkg) 

J 
J 

J 

SS02 8 SS02 9 SS02 10 SS02 1 1  
Surface surface Surface Surface 
l l/13/02 l l/13/02 1 1/13/02 1 1113/02 

431 63.5 36.5 695 

23.7 13.2 38.1 20.5 
76.3 86.8 61.9 79.5 

2,670 2,270 8,540 3,870 
5,460 5,400 16,300 5,700 
50.7 1 15 251 65.9 
7.63 7.91 6.64 7.35 

71,000 NA NA NA 

MW04-9 MW04-10 
0.0 - 1.0 2.0 - 4.0 0.0 - 1.0 2.0 - 4.0 " 
4/15/04 4115/04 4/15/04 4/15/04 

5 10 736 7 310 

12,500 2,060 10,200 9,620 
7.84 7.39 7.47 7.71 
180 93 133 102 

Notes: 

SS02 1 2  SS02 1 3  
Surface Surface 

l l/13/02 1 1113/02 

47.7 659 

34.1 20.8 
65.9 79.2 

5,790 3,940 
9,580 7,650 

138 78.8 
6.75 7.42 

52,800 NA . 

MW04-l l  
0.0 - 1.0 2.0 - 4.0 
4115104 4/15/04 

<.5 8 

12,300 6,120 
6.99 7.14 
1 19 1 17 

Table ! 
Soil Analytical Results 

Kewaunee Marsh 
Kewaunee, WISconsin 

SS02 14 SS02 15 
Surface Surface 
1 1/13/02 11113/02 

717 149 

22.3 52.5 
77.7 47.5 

5,480 12,500 
10,300 17,600 

224 182 
7.38 7.08 
NA NA 

MW04-12 
0.0 - 1.0 2.0 - 4.0 
4/15/04 4/15/04 

56 <.5 

6,410 10,800 
7.l l  7.22 
101 1 8 1  

I) SS02 = Surface soil samples collected i n  2002 from depth of 0 to 0.5 feet 
2) SB02 =Soil borings advanced in 2002 
3) ffi02 = Intermediate depth soil boring advanced in 2002 
4) DB02 = Deep soil boring advanced in 2002 
5) Soil Phase = Phase separation test sample 
6) DUP refers to a duplicate sample 

Page 3  of 3 

SS02 16 SS02 17 SS02 1 8  SS02 19 SS02 20 SS02 21 SS02 22 SS02 3 SS02 5 SS02 7 
Surface Surface Surface Surface Surface Surface Surface Soil Phase Soil Phase Soil Phase 

1 1113/02 1 1113/02 1 1113/02 1 1113/02 1 1/13/02 l l/13/02 1 1/13/02 11113/02 l l/13/02 1 1/13/02 

175 994 8.85 157 1 15 552 230 179 12.4 309 

21.1  20.1 1 2.6 63.9 62.9 4 1 .8 55.5 19.9 1 1 .4 14.5 
78.9 79.9 87.4 36.1 37.1 58.2 44.5 ' 80.1 88.6 85.5 

4,260 4,230 1,760 4,330 3,700 3,190 3,630 2,380 2,300 2,060 
8,180 6,950 9,380 8,100 10,600 8,1 00  l0,6oiJ 10.700 4,390 5,490 

237 130 178 129 168 221 345 1 1 19 37.3 77.1 
6.98 755 7.42 7.79 7.5 7.7 7.83 7.57 7.23 7.36 

61,900 NA NA NA 33,100 NA NA NA NA NA 

MW04-13 
0.0 - 1 .0 2.0 - 4.0 
4/15/04 4/15/04 

<.5 <.5 

1 1,000 7,140 
6.97 7.32 

92 175 

@ s. 
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l 
SB02-23 SS02-3 SS02 5 SS02 7 MW02 1 
7118102 l UI3102 l U13102 8113102 1 1121102 2126103 6111103 1114105 
Extract Extract Extract Extract NF F 

Arsenic llWL 5.09 69.4 9.32 2600 4.06 157 I 53 <I3 2.2 3.2 

Sulfate mgfL NA NA NA NA 2.49 2.94 2.33 2.00 2.14 NA 
Aluminum mgfL NA 0.069 0.076 0.102 O.G38 0.014 0.026 <0.009 NA NA 
Calcium mgfL NA NA NA NA 162 171 153 137 NA NA 
Iron mgfL NA 0.489 0.089 0.222 7.21 1.25 2.82 1.33 9-19 1.04 

Magnesium mgfL NA NA NA NA 50.3 50.2 51.9 44.4 NA NA 
Manganese mgfL NA 0.032 0.012 0.023 0.465 0.299 0.237 0.265 NA NA 
Nitrate mgfL NA NA NA NA NA" NA NA NA <0.1 NA 

l 
MW02 2 MW02 2 DUP MW02 21 

81I3102 1 1121102 6111103 7114105 8113102 1 1121102 8113f()2 1 112lf()2 611 1103 
NF F 

Arsenic Jlg{L 5.73 1.4 158 2.5 1.9 4.51 <1.30 1.43 <1.3 <1.3 

Sulfate mgfL 2.25 <1.0 <l.O 1.99 NA 2.15 2.09 4.01 2.35 2.18 
Aluminum mgfL 0.036 0.027 0.011 NA NA 0.087 O.Ql58 <0.009 <0.009 <0.009 
Calcium mgfL 144 148 1 14 NA NA 143 178 145 166 151 
Iron mgfL S.63 1.78 2 237 3.33 4.03 3.99 1.47 0.891 0.166 

Magnesium mgfL 46.5 45.1 45.5 NA NA 45.8 42.8 39.9 40.9 41.2 
Manganese mgfL 0.099 0.083 0.063 NA NA 0.085 0.433 0.403 0.426 0.44 

Nitrate mgfL NA NA NA <0.1 NA NA NA NA NA NA 

MW02 3I 
8113f()2 11121102 2126103 6111103 . l lf2f()4 4127105 1114105 

F NF F NF F 
Arsenic JLgfL 39.6 6.19 7.27 19.5 19.0 18.4 9.3 10.1 11.5 9.9 

Sulfate mgfL 2.44 <1.0 1.88 2.0I <l.O NA <l.O NA <1.0 NA 
Aluminum mgfL 0.019 <0.009 <0.009 <0.009 NA NA NA NA NA NA 
Calcium mgfL I5I I74 I63 153 NA NA NA NA NA NA 
Iron mgfL S.87 1.4 2.4 5.66 6.89 6.45 7.56 7.21 6.68 4.77 

Magnesium mgfL 44.4 40.8 43.6 39.I NA NA NA NA NA NA 
Manganese rngfL 0.191 0.206 0.267 0.248 NA NA NA NA NA NA 
Nitrate mgfL NA NA NA NA O.I9 NA <0.1 NA <0.1 NA 

I 
MW02 4 

8113102 11121102 2126103 6111103 1 112104 4121105 1114105 
NF F NF F NF F 

Arsenic JlgfL S94 497 210 957 1,320 1,270 2,000 1,910 1,200 1,090 

J Sulfate mgfL 98.5 97-9 53.6 . 63.9 73.6 NA 66.4 NA 45.9 NA 
Aluminum mgfL 0.036 0.03 0.025 0.033 NA NA NA NA NA NA 
Calcium mgfL 168 167 158 135 NA NA NA NA NA NA 
Iron mgfL S.63 S.06 1.57 3.48 4.06 3.89 3.46 3.13 3.49 3.52 

Magnesium mgfL 58.8 53 57.9 45.7 NA NA NA NA NA NA J Manganese mgfL O.IS7 0.119 0.092 0.061 NA NA NA NA NA NA 
Nitrate mgfL NA NA NA NA <O.I NA <0.1 NA <O.I NA 

Notes: 
I )  ES = NR I40 Enforcement Standard (March 2000) 
2) PAL= NR 140 Preventive Action limit (March 2000) 
3) (F) = Filtered 
4) - Not 
6) IS NR 140 Preventive Action limit Exceedance 
7) IS NR I40 Enforcement Standard Exceedance 
8) Extmct = water extracted from phase separation sample J 

J 

Table 2 
Groundwater Analytical Results 

Kewaunee Marsh 
Kewaunee, Wisconsin 

MW02 1 DUP MW02 1l 
8113102 8113102 1 1121102 2126103 611Ml3 

3.02 2.1 1.39 1.93 <1.3 

2.66 1.94 2 2.57 2 
0.1 <0.009 <0.09 <0.009 <0.009 
171 125 131 121 96 

7.36 4.21 0.46 0.363 1.42 

47.8 51.2 45 47.2 43.3 
0.4S9 0.296 0.177 0.146 0.179 

NA NA NA NA NA 

1114105 81I3102 1 112If()2 2f26f()3 
NF F 
2.7 1.5 258 197 928 

1.99 NA 3.06 <1.0 2.24 
NA NA 0.023 0.014 0.019 
NA NA 165 174 154 

2.89 4.02 3.3 2.49 

NA NA 51.7 51 55.2 
NA NA 0.104 0.078 0.07S 

<G. l NA NA NA NA 

l lf1105 8113102 11121102 2126103 
NF F 

11.6 13.3 4.91 4.93 1.31 

<1.0 NA 4.7 3.21 2.36 
NA NA 0.013 <0.009 O.OI3 
NA NA 79.6 79.6 73.I 
6.88 6.1 1.61 1.93 0.592 

NA NA 35.7 33.8 37.8 
NA NA 0.296 0.29 0.314 

<0.1 NA NA NA NA 

MW02 4 (dup) 
1111105 8113102 1112 1102 2126103 

NF F 
3,220 3,140 IOIO 637 383 

71.8 NA IOI 92.7 51.7 
NA NA O.I5I 0.0767 0.45 
NA NA 179 181 162 
3.66 3.49 S.19 S.78 S.43 

NA NA 58.3 49.6 52.6 
NA NA 0.156 0.118 0.087 

<0.1 NA NA NA NA 

Page 1 of 5 

7114105 8113102 1 1121102 2126103 
NF F 
2.2 <1.2 7.04 5.61 <1.3 

2.09 NA 33.4 35.4 32 
NA NA <0.009 <0.009 0.016 
NA NA 91.6 %.7 91.5 
6.01 21 0.018 

NA NA 45.2 45.3 45.3 
NA NA 0.07 0.065 0.074 

<O.I NA NA NA NA 

MW02 3 
611lf()3 I lf2f()4 4f27f()5 

NF F NF F 
9S.2 35.3 33.8 21.4 18.7 

6.84 2.05 NA 5.75 NA 
0.01 NA NA NA NA 
136 NA NA NA NA 
242 2.9S 2.8 3.03 3.04 

48.6 NA NA NA NA 
0.068 NA NA NA NA

. 

NA <0.1 NA <0.1 NA 

MW02 3D 
611 1103 11f3f()4 4128105 

NF F NF F 
2.6 9.2 6 <1.2 <1.2 

2.77 3.02 NA 3.04 NA 
<0.009 NA NA NA NA 

67.9 NA NA NA NA 
0.319 1.66 0.114 0.547 0.155 

33.8 NA NA NA NA 
0.279 NA NA NA NA 

NA 0.45 NA <0.1 NA 

MW02 4DR ES PAL 
61l lf03 1 1121102 

1060 160 10 I 

69.4 2.46 250 125 
0.1 I5 O.Q25 - -

136 105 - -
3.93 5.69 0.3 O.I5 
44 33.8 - -

0.065 0.279 0.05 0.025 
NA NA - --

MW02 ID PAL 
611 1103 1114105 

NF F 
I.73 6.7 6.5 10 I 

32.8 30.1 NA 250 125 
<0.009 NA NA - -

79.5 NA NA - -
0.826 3.09 203 0.3 0.15 
42.9 NA NA - -

0.072 NA NA 0.05 0.025 
NA <0.1 NA - -

ES PAL 
7114105 l lfii05 

NF F NF F 
27.4 27.2 30.7 36.9 lO I 

4.06 NA 2.68 NA 250 125 
NA NA NA NA - -
NA NA NA NA - -

273 2.9 278 0.3 0.15 
NA NA NA NA - -
NA NA NA NA 0.05 0.025 
<0.1 NA <0.1 NA - -

ES PAL 
1114105 1 112105 

NF F NF F 
<1.2 1.2 1.3 <1.2 lO 1 

2.96 NA 257 NA 250 I25 
NA NA NA NA - -
NA NA NA NA - -
1.01 0.24 0.582 0.4S 0.3 0.15 
NA NA NA NA - -
NA NA NA NA 0.05 0.025 
<0.1 NA <0.1 NA - -
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I 
Arsenic 

Sulfate 
Aluminum 
Calciwn 
Iron 
Magnesium 
Manganese 
Nitrate 

l 
Arsenic 

Sulfate 
Aluminum 
Calcium 
Iron 
Magnesium 
Manganese 
Nitrate 

Arsenic 

Sulfate 
Aluminum 
Calcium 
Iron 
Magnesium 
Manganese 
Nitrate 

r 
. ..l 

8113/02 1 1121Al2 2126103 6/l lAJ3 

J.tg/L 169 46.5 10.2 12.9 

mg/L 8.31 7.59 6.28 5.76 
mg/L 0.021 O.ot8 <0.009 0.01 
mg/L 182 219 190 192 
mg/L 1o.6 13.3 5.78 11.3 
mg/L 36.5 32.5 33.6 30.7 
mg/L 0.433 0.49 0.551 0.499 

mg/L NA NA NA NA 

8113Al2 1 1121Al2 2126103 6/l lAJJ 

J.tg/L 370 182 1210 

mg/L 5.95 41.2 14.7 38.8 
mg/L 0.068 0.059 0.056 0.043 
mg/L 87.9 72.5 74.8 60.3 
mg/L 5.32 6.12 3.84 3.59 
mg/L 30.3 25.3 29.7 21.6 
mg/L 0.146 0.125 0.105 0.076 
mg/L NA NA NA NA 

8113/02 l li2 1Al2 6/1 1Al3 l l/3104 
NF 

J.tg/L 500 140 534 1,220 
. / 

mg/L 2.73 15.1 28.3 17.5 
mg/L 0.08 1 0.073 0.05 1 NA 
mg/L 72.9 76.4 59.3 NA 
mg/L 4.07 1.86 2A2 

mg/L 27.5 26.2 21.9 NA 
mg!L O.o78 0.063 0.025 NA 
mg/L NA NA NA <0.1 

Notes: 
1) ES = NR 140 Enforcement Standard (March 2000) 
2} PAL= NR 140 Preventive Action limit (March 2000) 
3} (F) = Filtered 
4) (NF) - Not Filtered 
6) 140 Preventive Action limit Exceedance 
7} 140 Enforcement Standard Exceedance 
8) Extract = water extracted from phase separation sample 

- l l/W4 
NF F NF 
14.1 1.49 9.4 

5.99 NA 7.64 
NA NA NA 
NA NA NA 
14.5 13.6 13.9 
NA NA NA 
NA NA NA 

<0.1 NA <0.1 

1 1/W4 
NF F NF 

1890 1880 

10.3 NA 21.4 
NA NA NA 
NA NA NA 
4.23 3.83 3.53 
NA NA NA 
NA NA NA 

<0.1 NA <0.1 

MW02 6 
4127Al5 

F NF F 
1,140 375 

NA 19.1 NA 
NA NA NA 
NA NA NA 
L81 2.1 1.45 
NA NA NA 
NA NA NA 
NA <0.1 NA 

MW02 4l 
4127Al5 7/14/05 

F NF F 
9 10.1 8.5 

NA 6.79 NA 
NA NA NA 
NA NA NA 
13.6 14A 11.6 

NA NA NA 
NA NA NA 
NA <0.1 NA 

MW02 5 
4127Al5 7/14Al5 

F NF F 
862 665 696 

NA 10.5 NA 
NA NA NA 
NA NA NA 
3.21 3.39 2.73 
NA NA NA 
NA NA NA 
NA <0.1 NA 

7/14Al5 1 1/1/05 
NF F NF 

636 657 1,840 

1 1.4 NA 33.8 
NA NA NA 
NA NA NA 
1.49 1.35 1.27 
NA NA NA 
NA NA NA 

<0.1 NA <0.1 

Table 2 
Groundwater Analytical Results 

Kewaunee Marsh 
Kewaunee, Wisconsin 

1 111/05 1 1-01-05 (dup) 21261()3 
NF F NF F 

1L4 13.4 10.9 NA 67.6 

4.6 NA 4.6 NA 2.1 
NA NA NA NA 0.018 
NA NA NA NA 82.1 
13.3 12.7 13.5 NA 3.58 
NA NA NA NA 33.9 
NA NA NA NA 0.244 

<0.1 NA <0.1 NA NA 

MW02 5P 
7/14/05 (dup) l l/Ml5 l li21Al2 

NF F NF F 
690 698 5780 5400 4.22 

9.88 NA 31.7 NA 2.13 
NA NA NA NA 0.016 
NA NA NA NA 177 
2.89 2.82 2.64 2.38 2.8 

NA NA NA NA 27 
NA NA NA NA 0.257 

<0.1 NA <0.1 NA NA 

MW02 6 (dup) 
2126103 l l/21/02 2126/03 6/11Al3 

F 
1,620 95.9 233 151 868 

NA 19.2 16.3 18.3 30 
NA 0.086 0.094 0.278 0.13 
NA 66.2 74.8 65.4 59 
1.43 2.14 3.72 3.36 2.84 

NA 28.3 26.3 26.6 22.1 
NA 0.04 0.0634 0.046 0.034 
NA NA NA NA NA 
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MW02-4D ES PAL 
6/llAJ3 1 1/3104 4128105 7114/05 1 111/05 

NF F NF F NF F NF F 
16.6 42.8 38.3 45.8 24.1 35.1. 24.1 42.5 44.1 1 0 1 

2.18 2.06 NA <1.0 NA 1.94 NA <1.0 NA 250 125 
<0.009 NA NA NA NA NA NA NA NA - -

82.5 NA NA NA NA NA NA NA NA - -
0.468 3.63 0.81 4.89 1.71 4.11 2.09 4.42 4.56 0.3 0.15 
32.6 NA NA NA NA NA NA NA NA - -

0.232 NA NA NA NA NA ' NA NA NA 0.05 O.o25 
NA 0.17 NA <0.1 NA <0. 1 NA <0.1 NA - -

MW02 5 (dup) MW02 51 ES PAL 
8113Al2 8113Al2 2126/03 6/1 1Al3 1 112104 4127Al5 7/14/05 1 111105 

NF F NF F NF F NF F 
586 4.97 3.31 <1.3 6.5 6.1 9.7 7 4.2 5.8 10 1 

9.55 2.3 1.83 1.97 <1.0 NA <1.0 NA . 1.98 NA <1.0 NA 250 125 
0.3 0.016 0.01 <0.009 NA NA NA NA NA NA NA NA - -

89.7 157 161 161 NA NA NA NA NA NA NA NA - -
5.49 5.83 1.39 4.39 5.67 5.08 6.44 5.95 5.64 6.58 5.13 5.11 0.3 0.15 
29.9 27.9 28.2 24.9 NA NA NA NA NA NA NA NA - -

0.145 0.283 0.321 0.288 NA NA NA NA NA NA NA NA 0.05 0.025 
NA NA NA NA 0.17 NA <0.1 NA <0.1 NA <0.1 NA - -

MW02 61 ES PAL 
8/13/02 1 1121/02 2126/03 6/1 1/03 1 1/3104 4127105 7/14105 1 111105 

NF F NF F NF F NF F 
92.1 40.9 6.85 12.6 12.6 16.3 13.7 10.8 10.6 7.4 13.8 6.3 10 1 

3.56 4.54 2.99 6.38 4.24 NA 6.48 NA 4.57 NA 3.36 NA 250 125 
0.03 0.027 0.02 0.014 NA NA NA NA NA NA NA NA - -
138 160 153 134 NA NA NA NA NA NA NA NA - -

4.09 4.4 1.26 2.88 6.94 4.66 5.75 5.19 5.41 5.09 4.27 5.1 0.3 0.15 
37.9 34.5 34 30.3 NA NA NA NA NA NA NA NA - -

0.176 0.175 0.226 0.179 NA NA NA NA NA NA NA NA 0.05 0.025 

NA NA NA NA <{).1 NA <0.1 NA <0. 1 NA <0.1 NA - -
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Arsenic 

Sulfate 

Alwninum 
Calcium 

Iron 

Magnesium 

Manganese 

Nitrate 

Arsenic 

Sulfate 

Alwninum 

Calcium 

Iron 

Magnesium 

Manganese 

Nitrate 

Arsenic 

Sulfate 

Alwninum 

Calcium 

Iron 

Magnesium 

Manganese 

Nitrate 

MW02 7 

8/13/02 1 1121/02 2126/03 6/ll/03 l l/3/04 

J.Lg/L 76.8 21.3 9.87 33.5 74.3 75.4 
mg!L 27.7 20.4 18 52 23.8 NA 

mg!L 0.089 0.054 0.095 0.095 NA NA 
mg!L I l l  1 14 105 78.8 NA NA 

mg!L 4.82 1.92 0.497 2.06 3.32 1.85 
mg!L 3 1.8 28.5 27.5 18 NA NA 

mg!L 0.096 0.083 0.072 0.06 NA NA 

mg!L NA NA NA NA · NA <0.1 

MW02 7D 

8/13/02 1 1121102 2126/03 6/1 1/03 7/14/05 

NF F 

J.Lg/L 2.38 1.61 <1.3 <1.3 <1.2 <1.2 

mg!L 6.59 2.67 2.45 2.1  2.24 NA 

mg!L <0.009 O.Ql <0.009 <0.009 NA NA 

mg/L 122 123 108 105 NA NA 

mg!L 5.85 12.2 5.58 6.35 9.94 11.9 
mg!L 35.8 35.4 34.1 32.7 NA NA 

mg!L 0.867 0.695 0.506 0.541 NA NA 

mg!L NA NA NA NA <0.1 NA 

MW04 9 

1 112/04 4/28/05 7/14/05 

NF F NF F NF 

J.Lg/L 619 607 165 115 118 
mg/L 1.83 NA <1.0 NA 2.0 

mg/L NA NA NA NA NA 

mg!L NA NA NA NA NA 

mg!L 1.41 1.06 2.06 2 1.87 
mg!L NA NA NA NA NA 

mg/L NA NA NA NA NA 

mg!L <0.1 NA <O.l NA <0.1 

Notes: 

I )  ES = NR 140 Enforcement Standard (March 2000) 

2) PAL = NR 140 Preventive Action Limit (March 2000) 

3) (F) = Filtered 

4) (NF) - Not Filtered 

6) 140 Preventive Action Limit Exceedance 

7) 140 Enforcement Standard Exceedance 

8) Extract = water extracted from phase separation sample 

* Dissolved arsenic was above the total arsenic 

F 

110 
NA 

NA 

NA 

1.36 
NA 

NA 

NA 

4128/05 

58.6 55.3 
19.5 NA 

NA NA 
NA NA 

3.65 3.17 
NA NA 

NA NA 

<0.1 NA 

2126/03 6/1 1103 

Frozen 86.2 
27.1 

0.023 

129 

2.92 
46.9 

0.046 
NA 

1 1/2105 

NF F 

136 107 
2.0 NA 

NA NA 
NA NA 

1.57 1.25 
NA NA 

NA NA 

<0.1 NA 

7/14/05 

<1.2 1.9 

15.2 NA 

NA NA 

NA NA 

5.76 5.72 
NA NA 

NA NA 

<0.1 NA 

1 1/3/04 

NF F 
189 191 
2.01 NA 

NA NA 

NA NA 

1.49 1.31 
NA NA 

NA NA 

<0.1 NA 

1 113/04 

NF F 

1,380,000 NA 

8 1 .0 NA 

NA NA 

NA NA 

1.0 NA 

NA NA 

NA NA 

<0. 1 NA 

Table 2 
Groundwater Analytical Results 

Kewaunee Marsh 
Kewaunee, Wisconsin 

MW02 7 (dup) 

1 112/05 8/13/02 . 2126/03 6/1 1/03 8/13/02 

70 57 83.9 11.2 56.2 2.19 

3.17 NA 21.9 20.5 52.6 19. 1 

NA NA 3.55 1.26 0.665 0.018 

NA NA 1 17 103 78.7 138 

2.99 1.73 5.7 2.14 3.57 4.65 
NA NA 31.9 27 17.9 26.2 

NA NA 0.105 0.092 0.068 0.216 
<0. 1 NA NA NA NA NA 

MW02 8 

4/27/05 7114/05 7/14/05-DUP 

NF F NF F NF F 

106 111 131 154 167 155 
<1.0 NA <1.0 NA 2 NA 

NA NA NA NA NA NA 

NA NA . NA NA NA NA 

1.48 1.42 1.49 1.3 1.35 1.41 
NA NA NA NA NA NA 

NA NA NA NA NA NA 

<0.1 NA <0.1 NA <0.1 NA 

MW04 10 

4/28/05 7114/05 1 112/05 

NF F NF F NF F 

1,840,000 1,770,000 1,900,000 1,630,000 2,000,000 1,950,000 
NA NA 60.7 NA 48.7 f':!A 

NA NA NA I NA NA NA I 
NA NA NA NA NA NA 

0. 1 14 0.675 0.22 0.36 1.0 0.13 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

NA NA <0.1 NA <0. 1 NA 
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1 1121/02 2126/03 

2.31 <1.3 

22.2 6.54 

0.02 0.01 

144 145 

1.58 2.45 
24 27.2 

0.178 0.307 
NA NA 

1 1/l/05 

NF F 

192 82.4 
1.86 NA 

NA NA 

NA NA 

1.26 1.23 
NA NA 

NA NA 

<0. 1 NA 

1 1/3/04 

NF F 

21.4 5.1 
3.41 NA 

NA NA 

NA NA 

3.88 1.61 
NA NA 

NA NA 

0.21 NA 

MW02 7I ES PAL 

6/1 1/03 1 113/04 4/28/05 7/14/05 l l/2105 

NF F F NF F NF F 

<1.3 2.3 1.7 <1.2 1.2 70.5 51 <1.2 1.5 10 1 

20.8 15.1 NA 21.6 NA 9.6 NA 9.73 NA 250 125 

0.018 NA " NA NA NA NA NA NA NA -- --

1 14 NA NA NA NA NA NA NA NA -- -

1.09 3.55 2.38 4.8 3.95 3.56 3.69 6 5.76 0.3 0.1 5  

23 NA NA NA NA NA NA NA NA -- --

0.142 NA NA NA NA NA NA NA NA 0.05 0.025 

NA 0.2 NA <0.1  NA <0.1 NA <0. 1 NA -- --

MW02 8I ES PAL 

2/26/03 6/1 1/03 7/14/05 

NF F 

Frozen <1.3 6.6 3.6 10 1 

<1.0 <1.0 NA 250 125 

<0.009 NA NA - --

157 NA NA - --

0.169 3.94 3.1 0.3 0.15 

43.5 NA NA - --

0.216 NA NA 0.05 0.025 

NA <0.1 NA -- --

MW04 1 1  ES I'AL 

4128105 7/14/05 1 1/2105* 

NF F NF F NF F 

8.5 4.8 12.9 9.6 2.6 2.4 10 1 

2.31 NA 2.96 NA 3.35 NA 250 125 

NA NA NA NA NA NA -- -

NA NA NA NA NA NA -- -

4.04 2.58 4.37 1.83 0.866 0.951 0.3 0.15 

NA NA NA NA NA NA -- --

NA NA NA NA NA NA 0.05 0.025 

<0.1 NA <0. 1 NA <0.1 NA -- --
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MW04 1 2  

1 1/3/04 4/28/05 7/14/05 1 1/2/05 

NF F NF F NF F NF F 

Arsenic j.lg/L 2.4 2 4.6 2.6 2.0 2.9 6.9 1 0.6 

Sulfate mg!L < 1 .0 NA 2 1 .8 NA 35.2 NA 34.9 NA 

Aluminum mg!L NA NA NA NA NA NA NA NA 

Calcium mg!L NA NA NA NA NA NA NA NA 

Iron mg!L 7.2 5.35 7.75 6.84 7.32 7.95 7.13 7.08 

Magnesium mg!L NA NA NA NA NA NA NA NA 

Manganese mg!L NA NA NA NA NA NA NA NA 

Nitrate mg!L 0. 1 7  NA <0. 1 NA <0. 1 NA <0.1 NA 

GW0 1 2 

1 1/21/02 6/l l/03 1 1/3/04 4/27/05 7/1 4/05 

NF F NF F NF F 

Arsenic j.lg/L 31.1 36.8 24.9 29.9 13.6 14.6 23.9 26.2 

Sulfate mg!L 2.24 2.97 < 1 .0 NA 2.09 NA 1 .93 NA 

Aluminum mg!L <0.009 <0.009 NA NA NA NA NA NA 

Calcium mg!L 1 20 106 NA NA NA NA NA NA 

Iron mg!L 0.903 0.899 1.18 1.12 1.37 1.08 1.06 1.31 

Magnesium mg!L 40.4 38.7 NA NA NA NA NA NA 

Manganese mg!L O.D25 0.029 NA NA NA NA NA NA 

Nitrate mg!L NA NA <0. 1 NA <0. 1 NA <0. 1  NA 

GW01 4 

l l/21102 2/26/03 6/l l /03 7/1 3/05 1 1/2 1102 2/26/03 6/1 1/03 

NF F 

Arsenic j.lg/L 4.92 <1 .3 12 13.7 7.7 36.2 19.5 407 

Sulfate mg!L 30.3 12 12 . 1 5. 14 NA 8.86 6.2 1 10.9 

Aluminum mg!L 0.0 1 7  0.024 0.024 NA NA 0.014 0.027 0.03 1 

Calcium mg!L 75.8 69.4 57.6 NA NA 78.8 7 3 . 1  55.5 

Iron mg!L 1.41 1.98 1.59 3.4 1.35 2.08 1.83 0.968 

Magnesium mg!L 23.1 25. 1  18.3 NA NA 23.8 25. 1 23.5 

Manganese mg!L 0.036 0.049 0.035 NA NA 0.041 0.048 0.036 

Nitrate mg!L NA NA NA 0.72 NA NA NA NA 

Notes: 

1) ES = NR 1 40 Enforcement Standard (March 2000) 

2) PAL = NR 140 Preventive Action Limit (March 2000) 

3) (F) = Filtered 

4) (NF) - Not Filtered 

6) 140 Preventive Action Limit Exceedance 

7) 140 Enforcement Standard Exceedance 

8) Extract = water extracted from phase separation sample 

Table 2 
Groundwater Analytical Results 

Kewau nee Marsh 
Kewaunee, Wisconsin 

MW04 13 

1 1/3/04 4/28/05 7/14/05 

NF F NF F NF F 

2.2 1 .9 < 1 .2 1 .5 1 .2 1 .8 

4.98 NA 3.27 NA 3.95 NA 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

5.74 5.74 8.87 8.23 8.76 8.37 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

0.2 NA <0.1 NA <0. 1 NA 

1 111105 1 112 1102 2/26/03 611 1103 

NF F NF 

54.9 56.2 42.5 14.1 31.6 26.7 

2. 1 7  NA 2.4 1 2.23 2.97 2.09 

NA NA <0.009 0.02 <0.009 NA 

NA NA 76.4 76.5 73.7 NA 

1.07 1.01 1.43 1.54 1.58 1.71 

NA NA 24.5 29.6 25.5 NA 

NA NA 0.025 0.033 0.03 NA 

<0. 1 NA NA NA NA <0. 1 

- GW0 1 5 

1 112/04 4127/05 7/14/05 

NF F NF F F 

75.6 69.1 172 138 67.8 57.9 

3.98 NA 3.86 NA 2.58 NA 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

2.49 2.09 2.19 1.78 2.47 2.39 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

<0. 1 NA <0. 1 NA <0. 1 NA 

Page 4 of 5 

1 112105* 

NF F 

10.4 30. 1 

<1 .0 NA 

NA NA 

NA NA 

8.64 7.31 

NA NA 

NA NA 

<0. 1 NA 

GW0 1 3 

1 113/04 4/27/05 

F NF 

33.7 551 

NA < 1 .0 

NA NA 

NA NA 

1.8 1.46 

NA NA 

NA NA 

NA <0. 1 

1 1/ l /05 

NF F 

247 201 

1 1 . 1  NA 

NA NA 

NA NA 

2.55 1.76 

NA NA 

NA NA 

<0. 1 NA 

GW01 1 ES PAL 

1 1-2-05 (dup) 1 1121/02 6/1 1/03 7/14/05 

NF F 

8.2 7.6 8.39 < 1 .3 < 1 .2 < 1 .2 10 1 

1 . 8 1  NA 8.75 2.06 1 .89 NA 250 125 

NA NA <0.009 <0.009 NA NA -- --

NA NA 1 17 133 NA NA -- --
8.56 7.71 1.04 1.58 1.95 1.45 0.3 0. 1 5  

NA NA 38.5 5 1 .9 NA NA -- --

NA NA 0.081 0.033 NA NA 0.05 0.025 

<0. 1 NA NA NA <0. 1 NA -- --

ES PAL 

7/14/05 1 1! 1105 

F NF F NF F 

485 159 146 100 88.2 10 1 

NA 2.0 NA 4.3 NA 250 125 

NA NA NA NA NA -- --

NA NA NA NA NA - --

1.37 1.98 1.64 1.79 1.63 0.3 0. 1 5  

NA NA NA NA NA -- --

NA NA NA NA NA 0.05 0.025 

NA <0. 1 NA <0. 1 NA -- --

ES PAL 

1 0  1 

250 1 25 

-- --

-- --

0.3 0. 1 5  

-- --

0.05 O.D25 

-- --
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GW01 6 
l l/21102 2126/03 6/1 1103 1 112/04 4/27/05 7/14/05 

NF F NF F NF F 

Arsenic J.lg/L 2030 637 4750 4560 4190 4630 4390 3070 2490 

Sulfate mg!L 3 1.7 20.1 58.3 56.3 NA 13.3 NA 18 NA 
A1uminwn mg!L O.Q38 0.043 0.054 NA NA NA NA NA NA 
Calciwn mg!L 84.9 73.5 61.2 NA NA NA NA NA NA 

Iron mg!L 0.797 0.848 0.796 1.34 1.05 0.943 0.723 2.55 1.33 
Magnesiwn mg!L 30.4 30.4 27.6 NA NA NA NA NA NA 

Manganese mg!L 0.026 0.028 0.092 NA NA NA NA NA NA 

Nitrate mg!L NA NA NA 0.24 NA <0. 1 NA <0.1 NA 

Notes: 
1) ES = NR 140 Enforcement Standard (March 2000) 
2) PAL = NR 140 Preventive Action Limit (March 2000) 
3) (F) = Filtered 
4) (NF) - Not Filtered 
6) 140 Preventive Action Limit Exceedance 

7) 140 Enforcement Standard Exceedance 

8) Extract = water extracted from phase separation sample 

I .! 

.. . J 

. . .  ) 

Table 2 
Groundwater Analytical Results 

Kewaunee Marsh 
Kewaunee, Wisconsin 

1 111105 1 1121102 6/1 1/03 1 113/04 
NF F 

5460 50.3 157 130 86.3 
I 49.4 1 1 .2 6.15 6.8 NA 

NA <0.009 <0.009 NA NA 
NA 97.8 84:8 NA NA 

0.805 1.8 Ul1 1.89 1.7 
NA 29.6 29.2 NA NA 

NA 0.045 0.061 NA NA 

<0.1 NA NA <0. 1 NA 
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GW01 8 
4127/05 7/14/05 

NF F NF F 

505 500 106 90.6 

2. 1 1  NA 2.34 NA 
NA NA NA NA 
NA NA NA NA 

1.77 1.6 2.23 1.96 
NA NA NA NA 

NA NA NA NA 

<0.1 NA <0.1 NA 

GW01 10 ES PAL 
1 111105 l l/21/02 6/ll/03 7/14/05 

NF F NF F 

197 171 <1.3 <1.3 <1.2 <1.2 10  1 
13 NA <1.0 <1.0 1 .88 NA 250 125 

NA .NA <0.009 <0.009 NA NA -- --

NA NA 98.7 87.9 NA NA - --

1.84 1.72 1.78 1.46 1.57 1.74 0.3 0.15 
NA NA 31 .9 31 .9 NA NA -- -

NA NA 0.061 0.066 NA NA 0.05 0.025 
<0.1 NA NA NA <0. 1 <0. 1 -- -
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Anenic 

Sulfate 
Aluminum 
Calcium 
Iron 
Magnesium 
Manganese 

Anenic 

Sulfate 

Aluminum 
Calcium 
Iron 
Magnesium 
Manganese 

·- · 

- l  
. .  � 

SW-1 (F) SW-1 (NF) SW-IA (F) 
411Ml3 6/1 1103 4114104 1112105 4118103 4114104 611 1103 4118103 

JlgfL 267 455 356 1520 968 585- 395 

mgfL 15.7 20.2 49.7 70.8 17 NA 20.3 1 1.6 
mgfL 0.021 <0.009 NA NA 5.79 NA 0.396 0.016 
mgfL .· 42.1 58.7 NA NA 80.8 NA 62.6 26.4 
mgfL 0.32 0.329 0.306 1.73 17.6 0.77 2.33 0.0838 
mgfL 15.4 21.3 NA NA 24.9 NA 21.9 10.6 

mgfL 0.048 0.032 NA NA 0.615 NA 0.065 <0.002 

SW-2A (F) SW-2A (NF) 
6111103 4118103 6/1 1103 4114104 1 112105 4118103 611 1103 4114104 

JlgfL 1580 398 2060 2690 808 1590 2900 

mgfL 24 1 1 .6 18.6 33.1 38.7 1 1 .9 17.9 NA 

mgfL O.Ql5 0.017 0.018 NA NA 0.247 O.ot8 NA 
mgfL 51.1 25.9 43.2 NA NA 28.1 45.7 NA 
mgfL 0.373 0.1 17 0.163 0.1 1 2  549 0.749 0.178 0.509 
mgfL 20.9 12.2 20.1 NA NA 13.2 19.6 NA 
mgfL 0.011  0.004 O.Ql NA NA 0.022 0.006 NA 

Notes: 
I) Surface water samples SW-1 and SW-2 were obtained from the south slough and nonh slough respectively 

Samples designated with a B-suffix are upstream samples 
Samples designated with an A-suffix are mid-stream samples 
Samples without a suffix are down stream (east) samples 

2} (F) = Filtered 

3) (NF) - Not Filtered 

4) 105 Acute Toxicity Criteria Exceedance 

5} 105 Chronic Toxicity Criteria Exceedance 

SW-IA (NF) 
6/1 1103 4118103 6111103 

399 892 

24.8 1 1.6 25.9 
0.021 0.088 0.436 
62.1 28.7 67.9 

0.398 0.219 4.25 
22 1 1.4 22.4 

0.034 0.029 0.076 

SW-28 (F) 
4118103 6/1 1103 4114104 

836 2970 1830 

16.2 36.6 21.7 
0.013 <0.009 NA 
38.5 68.9 NA 

0.149 0.272 1.04 
18.2 37.6 NA 

0.017 0.044 NA 

Table 3 

Surface Water Analytical Results 
Kewaunee Manh 

Kewaunee, WLSCOD.Sin 

SW-IB (F) SW-IB (NF) 
4118103 4114104 6111103 4118103 4114104 

492 1120 1160 1720 1110 

9.57 13.6 8.75 9.62 NA 
0.015 NA <0.009 2.6 NA 
30.5 NA 62.7 71.9 NA 

0.121 0.281 0.284 10.8 1.16 
12.2 NA 27.2 18.5 NA 

0.003 NA 0.016 0.604 NA 

SW-28 (NF) SW-3 (F) 
4118103 6111103 4114104 4118103 1112105 

874 1820 2.06 78.2 

16.7 36.4 NA 10.7 90.8 

0.615 1 .04 NA 0.019 NA 
44.2 88 NA 22.2 NA 
1.74 4.25 2.19 0.134 211 

20.2 38.8 NA 8.51 NA 
0.135 0.315 NA 0.006 NA 

SW-2 (F) 

6/1 1103 4118103 6/1 1103 

1570 699 1610 

8.79 13.9 23.8 

0.079 0.017 0.013 

72 3 1  49.8 

1.54 0.167 0.336 

27.7 13.2 22.1 

0.214 0.009 0.011 

SW-3 (NF) SW'4 (F) SW-4 (NF) 

4118103 6111103 6111103 

<1.3 119 121 

10.8 5.44 5.46 

0.066 0.012 0.043 

23.1 34.8 35.7 

0.201 0.148 0.216 

8.96 14.4 13.9 
0.007 0.004 O.QI8 

SW-2 (NF) Acute Chronic 

4114104 1 112105 4118103 41i4104 Toxiciy Toxicity 

1460 2960 1730 339.8 148 

49.6 93.4 14.1 NA 

NA NA 0.22 NA 
NA NA 32 NA 

0.455 2.62 1.24 1.86 

NA NA 13.6 NA 

NA NA 0.017 NA 

SW-5 (F) SW-5 (NF) SW-6 (1') SW-6 (NF) SW-7 (F) SW-7 (NF) SW-8 (F) Acute Chronic 

6/1 1103 1 112105 6/11103 6/11103 6/11103 6/11103 6/11103 1 112105 Toxiciy Toxicity 

2990 2540 14600 489 901 291 110 339.8 148 

3.32 41.2 3.46 19.7 15.5 2.31 2.35 10.3 

<0.009 NA 0.115 <().009 0.193 <0.009 0.055 NA 

1 10 NA 273 89.7 124 37.5 41.2 NA 

0.294 18.1 11.8 1.59 4.81 0.621 3.09 0.545 

32.1 NA 36.8 51.9 50.3 12.3 12.2 NA 

0.552 NA 3.49 0.25 0.396 0.111 0.264 NA 

QJ ro . 
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Arsenic in 
Arsenic in 

Sample Sediment 
Water (Jlg/L) 

MW02-05 

MW02-05 

8802-22 

(mg/kg) 

0 . 0 - 0 .5  399 4 ,31 0 

0 . 5 - 1 .0 95.8 1 , 800 

0.0 - 1 . 0  3 8 1  3 1 0  

mg/kg = mil l igrams per kilogram 
�-tg/L = micrograms per l iter 
ml/g = mi l l i l iters per g ram 
em/sec = centimeters per second 

TablE! 4 
Column Study Test Results 

Distribution 
Total Solids % Water Content % Water Content % 

Hydraulic 
Coefficient 

(post-test) (pre-test) (post-test) 
Conductivity 

(ml/g) (em/sec) 

0 . 09 1 5 .5 582.2 594.4 2 E-02 

0 .05 1 6.6 47 1 . 1  51 7.5 2E-02 

1 .23 1 4.5 42 1 .2 51 8 . 0  4E-02 

T27393E·TBL·4·TST ·RSL TS.DOC 
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PLANE (CENTRAL-4802) COORDINATE 
SYSTEM, NAD 83, U.S. FEET. 

VERTICAL DATIJt.1N IS IGLD 1 985/NAVD 
1 988, U.S. FEET. 
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SURVEY SITE CONTROL POINTS SET BY v.1SCONSIN DEPARTt.1ENT OF 
NA TIJRAL RESOURCES 

Kt-101-A NORTH 243595.30 EAST 2616993.19 ELEVATION 586.52 
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Stnte ofWisconsin SOIL DORING LOG INFORMATim 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/RedcvclopmentO 

Waste Management 0 
Other 0 

form 4400·122 

Page 1 of I 
facility/ProJect Name 

Kewaunee Marsh Arsenic Area 
Boring Drilled By: Name o crew ch1cf( 1rst, lo.st) and Fmn 

STS Consultants Ltd. - R. Treml -
STS Project No. 27393D 

L1censc/Penntt/Monitormg Number Boring Number 

Dutc Drillmg Completed 

411 5/2004 4/1 5/2004 
WI Umquc Well No. We l iD No. Na e Water Level Elevation 

Feel MSL 5 8 1 .4 Feel MSL PA261 MW04-9 
Local Grid Origm ) or Uonng Location 
Slotc !'!nne N, E S@'N 
SW l/4 of SW 1/4 ofSeel;on 7, T 23 N, R 25 

10 
Kewaunee 

I Grid Location 
Lnt __ • __ • O N 

Long o '  Feet D S  
Code Civ1 Town/C•ty or Village 

Town of Pierce 

MW04-9 
Met tod 

hand auger Dutmeter 
6.0 inches 

D E  
Feet 0 W 

Soil 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

IJiack (IOYR 211) organic pcnt · trncc roots · caunil lcavcs 
- moist . loose to son 

End of Boring. 
lloring advanced from 0.0 feet to 7.0 feet with hand 
auger. 
Installed monitoring well at7.5 feet with 2.5 feet 
pre-packed PVC well screen, 0.006 slot. 

1 hereby certify that the infonnation on this form is true and correct to the best of my knowledge. 
r;rm STS Consultants, Ltd. 

1035 Ke ler Drive Green Day, WI 543 1 1  
Tel: 920-468-1978 

Fax: 920-468-33 1 2  

lltis form i s  authorized by Chapters 281, 283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stnts. Completion o f  this form is mandatory. Failure to file this fonn rna} 
result in forfeiture of between $ \ 0  nnd $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
infonnation on this fom1 is not intended to be be used for any other purpose. NOTE: Sec instmetions for more infomtation, including where the completed forr 
should be sent. 

State of Wisconsin 
Department ofNatural Resources 

FacihtyfProjcct Name 

Route To: Watershed/Wastewater 0 
Remediation/RedevelopmcntO 

Kewaunee Marsh Arsenic Area 
Boring Dri led By: Name o crew lust) nnd F1rm 

STS Consultants Ltd. - R. Treml -
STS Project No. 273930 

Waste Management 0 

Other 0 

SOIL DORING LOG INFORMATim 
form 4400-122 Rev. 7-98 

Page 1 of I 
L1censc/Penntt/Monitormg Nmnbcr Uonng Number 

Date Dril mg Started 

4/14/2004 

MW04- 1 0  
On Method 

4/1 4/2004 hand auger 
Wf We No. Well Name 

PA262 MW04- I O  
Final StatJc Water Lcvc 

Feet MSL 
D1a eter 

583 . 1  Feel MSL 6.0 inches 
Local Grid Origm ) or Doring LocntLOn 
Slate Plnne N, E S 
SW l/4 of SW l/4 ofSccl;on 7, T 23 N, R 25 

Fnc1 Lty D 
I 0 , Gnd Locntton 

D N 
Long o '  Fcet O S  

Co< e C•vil Town/City/ or Village 

Town of Pierce 
Soil 

1 . 5  

3.0 

4.5 

6.0 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

�� ��:St
(? i�s1� �o���r���e���;i���cfi1f�,s;,��dli��� 

cover - decayed compost) 

End of Boring. 
Boring advanced from 0.0 feet to 7.0 feet with hand 
auger. 
installed monitoring well at 7.S feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

"' u "' 
:> � 

� 
� c ?:-

� �  !·§ :g � -li  
U v>  � �  :0:: ..5 g 

D E  
Feet 0 W 

� Q � C/ o  o: u  

Tel: 920-468-1978 
Fax: 920-468-33' 

This fonn is n rized by Chapters 281,  283, 289, 291,  292, 293, 29.5, nnd 299, Wis. Stats. Completion of this fom1 is mandatory. Failure to file this form rnaJ 
result in forfeiture of between S 10 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this fomt is not intended to be be used for nny other purpose. NOTE: Sec instructions for more infom1ation, including where the completed 1 
should be sent. 

I I 

IDNR I !Common Well 

l f (esumatcd: D ~ 
243 ,896 2,616,566 

Faci lity 

-1.5 

-3.0 

- 4.S 

:.6.0 

w 

Dnll,ng Stortcd 

Fm.:il S111ttc !Surface 

-"IILoeal 

-------1county 
I 31 

I 

Rev. 7-98 

I 

I Borehole 

Properties 

I I ch1ef{fir:.1, 

Unique Well No. IDNR HID 

LJ {estimated: LJ 
243,994 2,616,469 

I I l~ounty 
Kewaunee 

~m~ 
.i:S 

" ] ~ :;;- J .x! < e .s 
to~ t -5 ~.,, 3~ fr za iii "' 

-

-

-

-

I 
I IDalo 1l1ng Completed lo,;u;ng 

!Common I Surface Elevation \Borehole 

(2g ,, ILoc,I ,@'N Lat __ _ _ ___ 

l':tty t 

I 

Prop •rties 

~i 
= a :;, 

i~ " !! ~5 .. .. 
I 

... 

Fim, STS Consultants, Ltd. 
l035 Kc ler Drive Green Da , WI 543 11 



SOIL BORING LOG INFORMATim -...,... State of Wisconsin 1 � Department ofNatural Resources 

r Route To: Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

Form 4400·122 Rev. 7·98 

FUCI Ity/J'rOJCCt Namc 
Kewaunee Marsh Arsenic Area 

Boring By: Name of crew and Fmn 
STS Consultants Ltd. - R. Treml -
STS Project No. 273930 

Page l of l 
License Permit/Monitoring Number Boring Number 

MW04-l l  
Date Dnl mg Date Dnlling Method 

4/1 4/2004 4/1 4/2004 hand auger 
WI Umque Well iD No. Well Name Static Water Level Elevation Borehole Diameter 

PA263 MW04-l l Feet MSL 5 8 1 .9 Feet MSL 6.0 inches 
Loca or Boring Locat1on 
Slolc Plnoc N, E SA!)'N I • , Locohon 

Lnt --.--
, D N 

SW l/4 of SW 114 ofScclion 7, T 23 N, R 25 Feet D S 
Facility 10 

Kewaunee 
Town/City/ or Vii age 

Town of Pierce 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

Dlack (IOYR 211) organic peat ·  !!ace roots · moist · loose 
to soft 

End of Boring. 
Doring advanced from 0.0 feet to 7.0 feet witl1 hand 
auger. 
Installed monitoring well nt 7.5 feet with 2.S foot 
pre-packed PVC well screen, 0.006 slot. 

Soil 

D E  
Feet D W 

Tel: 920-468·1978 
fax: 920·468·3312 

This fonn is nut zed by Chapters 2 8 1 , 283, 289, 29 1 , 292, 293, 295, and 299, Wis. Stats. Completion of this form is ma datory. Failure to file this fonn ma: 
result in forfeiture of between S 10 and $25,000, or imprisonment for up to one year, depending on U1e program and conduct involved. Personally identifiable 
infonnation on this form is not intended to be be used for any oU1er purpose. NOTE: See instructions for more information, including where the completed fon 
should be sent. 

State of Wisconsin SOIL BORING LOG INFORMATim 
Department of Natu al  Resources Form 4400·122 Rev. 7-98 

Route To: Watershed/Wastewater 0 

Remediation/Redevelopment 0 Waste Management 0 
Other D 

Page I of l 
Name 

Kewaunee Marsh Arsenic Area 
Boring By: Name of crew c last) and F1rm 

STS Consultants Ltd. - R. Treml -
STS No. 273930 

L1ccnse!Permit/Monitonng Number lloring Number 

Date Drilling Started Date Drilling Completed 

411 4/2004 4/1 4/2004 
WI Umque Well No. Well Name 

PA264 MW04- 1 2  
Static Water Level E evahon 

Feet MSL 579.4 Feet MSL 
(eStimated: or Bonng Location 

SlalePionc S,@<N 
SW 114 of SW l/4 ofScclion 7, T 23 N, R 25 

ID 

Kewaunee 

I • , Gntl Location 

D N 
Long Feet 0 S 

Code ivi Town/City or Village 
Town of Pierce 

MW04-1 2  
ing 

hand auger 

6.0 inches 

D E  
Feet D W 

Soil 
SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

Black (IOYR 211) organic peat · trace roots · moist - loose 
to soft 

1 _5 
�e

d
�:e�� gray (IOYR J/2) organic silt . tr3ce roots, peat 

3.0 

4.5 

End of Boring. 
Doring advanced from 0.0 feet lO 7.0 feet with hilnd 
auger. 
lnstnllcd monitoring well at 7.5 feet with 2.5 foot 
pre-packed PVC wt:ll screen. 0.006 slot. 

Tel: 920·468-197:8 
Fax: 920-168·3 3 1  

This form i s  by Chapters 28 1 ,  283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to lile this fom1 rna� 
result in forfeiture of between SIO and $25,000, or imprisonment for up to one year, depending on the program a d conduct involved. Personally identifiable 
infom1ation on this form is not intended to be be used for any other purpose. NOTE: Sec instructions for more information, including where the completed f 
should be sent. 

I I 

I 
Fnc1hty/Projcc1 

Dnliea ch1ef(f1rst, last) I Started 

I 
LOmpletcd IDnlhng 

Well No. lu"R IC'ommon Fmal Surlncc I 

Drilled luef(first, 

I 

ID,ill McthOd 

Project 
IUNR Well ID No. !Common Final Surlacc 1 lllorcholc Diameter 

1 (Jna ungm LJ (cstunntca: U J IISl ---Jocallmu 244,020 2,6 16,336 
Long _______ " 

Local Gnd Ongm u U/ ll!:I cnl 
243,858 N, 2,617,550 E Lat _______ " . 

IL:ounty l~ounty L:oac Civu I 

I 
Fuc1 1Lty ICounty aunty I'-' I I 

31 
2!_m~ Properties ~m~ Prooerties 

~i " l ~ 

H § ls " .ll! 8 .s "' 0 

= a 8 h ?, 6 

• -s u ,; 

~ 
.. ., :'S! ... :1 ~ ~ i:l ~ ~.,, j! .!! ' fr "' J .3 i:<'5 
6 ij ~8 .§- :§ 0 ~ Clo z5 "' Q ::, U<n ...,..., .:.s .. «u 

od'.s 
" ! ~ 

.ll ~ 
{j ~ .s h ?, " "' 8 ! ~ E 

i:l I t~ -s u ,; = I,, :'S! - :g I( f;; j~ ~ fr "' g j f!: .~ E .H ~.:: ~ z5 oi Q ::, ~a .. U<n ~8 ...,..., i:C.S .. ~8 

-1.S ~ 

-J.O f--

-4.S F: ~ 

:.~; 
- 6.0 -6.0 

... ... ... 

I 
I hereby ccrlify that lhc infonnnt ion on this fonn is true nm! correct to 1hc best ofmy knowledge. I hereby certify that the infonm1tion on thi s fom, is true and correct to the best of my knowledge. 

S1gnnturc STS Consultants, Ltd. S1g1111turc hnn STS Consultants, Ltd. 

J 1035 Ke ,lcr Drive Green IJo , WI 543 11 1035 Kc lcr Drive Green On , WI 543 11 



State of Wisconsin 
Department of Natural Resources 

Facility/Project 

Route To: Watershed/Wo..<;tewntcr 0 

Remedintion/Rcdcvelopment 0 

Kewaunee Marsh Arsenic Area 
Boring Drilled By: Name of crew chief(first, lust) Fim1 

STS Consultants Ltd. - R. Treml -
STS Project No. 273930 

Wl Unique Well No. Weii iD No. Well Name 

PA265 MW04-13 
Local Grid Ongm ) or llormg 
State Plane N, E 
SW 1/4 of SW 1/4 of Section 7, T 23 N, R 25 

SOIL BORING LOG INFORMATim 

Waste Management 0 

Other 0 

Form 4400·122 Rev. 7·98 

Page 1 of I 
L•cense/Pennt Boring Number 

MW04-1 3  
Date 

411 4/2004 411 4/2004 hand auger 
Final St tic Water Level Diameter 

Feet MSL 579.0 Feet MSL 6.0 inches 

I • , Locatton 
O N  

Long 0 ' Feet 0 S 
D E  

Feet 0 W 
Facility iD 

Kewaunee 
Civil or 

3 1  Town o f  Pierce 

3.0 

4.5 

6.0 

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

Blnck (I OYR 211) orgw1ic peat • trace roots · moist • loose 
to soft 

End of Boring. 
Doring advanced from 0.0 feel to 7.0 feet with hand 
auger. 
Installed monitoring well at 7.5 feet with 2.5 foot 
pre-packed PVC well screen, 0.006 slot. 

I hereby certify that the infonnation on this fonn is tme and correct to the best of my knowledge_ 
Signature 

Soil 

Tel: 920-468·1978 
Fax: 920·468·3312 

This fonn is nu rizcd by Chapters 28 1 , 283, 289, 291, 292, 293, 295, and 299, Wis. Slats. Completion of this foml is m;mdatory. Pnilurc to file this fonn mn) 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Jlersonally identifiable 
infonnation on this form is not intended to be be used for any other purpose. NOTE: See instructions for more infonnation, including where the completed fon 
should be sent. 

�\ 

~m~ 

:! 
"~ < ~ 
jt;; .d ~ 

~8 
z~ :l .:! 

J 

Name ·vMonttonng Number I 
nnd On hng Started I Dot, Dnllmg Completed 

~ 

g 
u 
] 
"' 

ISurtacc Elevation 

LJ {estimated: U Localion ~ Lat _______ " ILoca l timl 

243,985 2,617,652 S,@'N 

l 
.!3 
-5 
g 

- 1.5 

-------
!County Code Toww.._11y/ Village 

Dark grayish-brown (IOYR '1/2) organic silt - trace roolS 
and shells - loose to son 

Firm STS Consultants, Ltd. 
1035 Kc ler Drive Green Ba , WI 543 11 

IBorcholc 

Prooerties 



l 

J 
Date 

81112002 

W02-2i 

W02-3i 
W02-3d 
W02:-< 
W02-4i 
W02� 
W02·5 

MW02-5i 

MW02-7 

IV\:1'2002 MW02·1 
MW02-1i 
MW02·10 
MW02·2 
MW02-2i 
MW02-3 
MW02-31 
MW02-3d 
MW02:-< 
MW02:-<i 

MW02·5 
MW02-54 
MW02-6 
MW02-& 
MW02·7 
MW02-71 
MW02·7d 

Noles: Kewa..,.. River 

PK\94 
PK\95 

JY958 
JY959 
JY960 
PK20 
PK202 
PK\9\ 
PK\92 
PK\93 
PK203 
PK204 
-'1<205 
PK206 
PK207 
�K208 
PK209 

PK194 
PK\95 
PK\96 
JY958 
JY959 
JY960 
PK201 
PK202 
PK\91 
PK\92 

PK203 
PK204 

PK208 
PK207 
PK208 
PK209 

• Ben\onite in wen 

585.81 
586.09 
585.81 
583.60 
583.2 

583.96 

583.51 
58:.36 
583.33 
583.35 
SS:.29 

583.39 

583.23 

585.81 
586.09 
585.8\ 
583.60 
583.2 

584. 
583.96 
584.22 
583.51 
583.38 

583.35 
583.29 

583.39 
SS:.31 
583.37 
583.23 

..... 

4.4: 
\ 8.95 
4.52 

5.35 

5.44 
4.30 
3.51 
520 
5.51 

5.13 
5.55 

5.24 
5.42 

5.47 
4.98 

•· One baller removed before taking water lev� 

1 1 12112002 MW02·1 
MW02·11 
MW02-1d 
MW02·2 
MW02-2i 
MW02-3 

MW02-3d 
MW02--4 
MW02--4i 

MW02-

GW01· 

PK\95 
PK196 
JY958 
JY959 
JY960 
-'1<201 
Pl202 
P1191 
P>,\92 

888 
Pl204 
Pl205 
�·206 
PK207 
PK208 

588.09 

583. 
584. 

584. 

582.94 

583.29 
583.29 
583.39 
583.3\ 
583.37 

582.89 

582.64 
582.03 

582.35 
582.95 

NOte: Kewaunee liNer wa elevation 578.0 

MW02·1 Pl<.\94 585.81 
MW02·1i PK\95 586.09 
MW02-1d 

trozen MW02·2 JY958 583.80 
frozen MW02-2i JY959 58:1.2 

MW02-3 
MW02-31 PK201 583 .96 

PK202 

PK192 583 .36 
582.94 

PK203 583.35 
PK204 SS:.29 
PK205 583.29 

583.39 
PK207 
PK208 583.3< 
PK209 583.23 

frozen MWOl PK262 582.8! 
frozen MWOl 

liWO\ 
not �. 582.8! 

582.11< 
582.03 

582.35 
frozen 582.95 

Note: Water in Kewa..,.. 'Wer trozen 

5.48 
5.28 >Sian 

4. 

4. 

!.47 

.02 
!.50 
1.8 

2.40 
2.3 

6.72 
6. 

2.64 

4.11< 
5. 

5.0! 
5.3< 
i.3-4 
i.48 
i.61 

i.92 
2.41 

2.59 

4.18 
1.84 
-425 
2.75 
2.70 

560.93 

560.74 
560.00 
560.05 
579.5\ 
579.48 
574.32 
578.91 
578.93 
564.38 
578.83 
578.81 
578.80 
578.84 
578.81 
578.89 

560.46 

560.37 
579.30 

578.97 
578.45 

578.38 
5� 

57B 
5� 

5�.92 
578.33 

569.33 

560.61 
560.53 

579.93 
79.9 

560.06 

579.34 
579.56 
579.04 
579. 
579.09 
579.07 
578.70 
578.81 
579."' 

560.42 
579.89 
579.62 
579.53 

579.88 
560.65 

579.09 
579.38 

560.96 
560.16 

579.32 
579.01 

578.31 
578.55 
578.03 
5n.95 
5n.81 

78 

57'.3\ 
560.48 

578.89 
578.48 
578.39 

579.6 
560.25 

Kewaunee Marsh Water Sampling Field Data 

ColorfTurbidily 

tUrbid 
Sli 
:;u 
Sll 
Sli 

turt blact<sin 
Turbid black siH 
Turbid blacl< sih 

1Ur1>10 b\aci<silt 
Turbid oct< sih 

turbid 

Clear 
turbid 

'-'lear 
Clear 
:;lear 
'-'lear 

turbid 

turbid 

Clear tosti 
Clearlo sli 

Clear to all 
. br. silt 

. brown lear 
. br. oil 
. br.oil 

Clear tosli 

Clear lo sll 
Clear to all 
uear 
Brown, br. sih 
�rown, ..,., 
Brown, Mbid 

Clear to 

. br. 
Lt br. turbid 

br. bt- lurn;o 

. brown 
::lear to 

Clear 

ear 

ear 

urbid 

D.O ORP 
Odor RcldpH 

Not "'"' Not reoonled Not reconled Not reconled Not reoonled Not reconled 
Not Not recorded Not recorded Not recorded No ! recorded Not recorded 

Not reco 
Not 

Not reconled 
No\ rec:onled 

Not recorded 
Not recorded 
Not recoroed 

recorded 

l rec:onled 
recorded 

reconled 

None 

None 
None 

None 

Sll 
Sll 

None 

None 

t 

None 

. 
SU!tur ooo_,

None 
None 

i 

None 

suHide 

No\ reconled 
No\ reconled 
Not reoonled 
Not reconled 
Not recorded 
Not reconled 
Not recorded 
Not recorded 
Not reconled 
Not recorded 

Not reconled 
Not recorded 
Not reconled 
Not rec:onled 

<1 

< 
1.5 
•. 5 
•. 5 
1.5 

1.5 
•. 5 

1.5 

-4.5 
1.5 

1.0 
1.5 

2.0 
1.0 
2.0 
2.0 

1.0 
1.0 
4.5 
1.0 
1.0 
1.5 
4.5 
1 .5 
4.5 
r.o 
3.5 
2.5 
1.0 
3. 
-4.5 

3.5 

2.0 
�0 

3.0 
!.0 

3.0 
4.0 
3.0 
3.0 
6.0 
4.0 
�.0 
2.0 
3.0 

3.0 
4.0 

no 

Not reconled 
Not recorded 
Not reoonled 
Not recorded 
Not recorded 
Not reconled 
Not recorded 

Not rec:onled 
Not recorded 
Not recoroed 
Not reconled 
Not recorded 
Not recoroed 
Not reconled 

.80 

.44 

.49 

.68 

8.93 

6.78 
.88 
.28 

.39 

.38 
6.-4: 

6.78 
r.o1 

.65 

.83 

.13 

.45 
6.74 
6.81 
6.86 
6.90 
6.92 
6.88 

6.53 
6.38 
6.72 

Not reconled 
Not recorded 
No\ recoroed 
No\ recorded 
Nol 1 
Not reconled 
Not recorded 

Not reconled 
Not recorded 
Not recoroed 
Not recorded 
Not recorded 
Not reconled 
Not recorded 

'.8 

1.2 

7.5 

8 .• 
8.8 

8.8 
'.6 
8.1 

6.4 
8.8 
8.4 
5.8 

•.5 
8.0 

3.5 
4.5 

2.9 
.5 
.3 

5.3 
5.5 
2.0 
2. 
3. 

.5 

6.0 

Not reconled 
No\ recorded 
Not recoroed 
Not reconled 

t recorded 
Not recorded 
Not recorded 

Nol reconled 
Not recorded 
Not recoroeo 
Not reconled 
Not recorded 
Not reconled 
Not reconled 

802 
904 
1431 

042 

17-40 
1 50  

728 
... 

!!07 
846 

869 
788 

981 
1459 
1020 
669 

1639 
1 1 85 
8.00 
684 
892 
620 

866 
764 
874 
793 
735 
518 
468 
667 
584 

949 

1005 
885 

13 

819 

685 
802 
790 

1 recoroed 
Not reconled 

Not reconled 
Not recorded 

Not reconled 
Not reconled 

1 reconled 
Not reconled 
Not recorded 
Not reconled 
Not recorded 

Not recorded 
Not recorded 

1.0 
·1 5.3 
-33.0 
6.-41 

9. 
0. 
9. 
:-<. 
3.! 

-12 

not recoroed 
not 
not 

not 
not 
not 
not recorded 
not recoraea 
not reconled 
not 
not recoroea 
not reconled 

not reconled 
not recorded 

not reconled 
not reconled 
not 1 
not recoroed 
not reconled 

not reconled 
not recorded 

6.5 
-7.3 

14 

18. 

-0.8 
·2.0 
0.9 

18.3 
28. 
9.0 

2.5 

.5 

2.0 
.5 

2.0 
1.0 
1.5 

<0.5 
1.0 
1.5 
1.0 
2.0 
2.0 
1 . 0  

3. 
3 2. 

3 .  •. 

2 bailers 
bailers 
2.0 

2 bailers 

2 ballens 

2 ball"" 
2 ballera 
3 bailers 

bailers 

2 balleno 
era 

"'era 
ba ora 
bo "'" 

ba ... 
<2 
2 

2 

2.5 
2.5 

2 
.5 

.5 

2 

.5 
<1.5 

4 

<I 

WDNR Top PVC Casing Depth Grooodwater Fi~d Temp Sp<,cific Cond. Voluma Purged 
We11No. Unique Elevation to Waler Elevation (mgll) ('C) (µS) (mv) (gaij 

Well No. 
MW02-1 Lt Brown/turbid rded 2 .5 
MW02-1I 5 .28 580.81 Turbid recorded 
MW02-1d PK196 5.07 Turbid Not recorded Not recorded Not recorded Not recorded Not recorded No 40.0 
MW02-2 3.60 Sliahtlv med 1 
M 3.15 ght IV turbid recorded Not recorded 2.0 
MW02·3 584.17 4.66 ahl 11turbid Nol recorded 
M 1 4.48 ah turbid 1 
M 584.22 9 .90 ghl tv turt>id ecoroed No No1 recoroed 
M 4 .60 id, No1 recoroed 
M 
M Not recorded Not recorded Not recorded No 
M 

4.48 ,bl Not 
MW02-6 583.29 4.49 SliCJhttv turbid Nol recorded Not recorded 
MW02-6i 4 .55 Sliahuv No 

583.3 1 4.50 Turt>id No1 Not recorded 
MW02-7i 583.37 4.48 Turt>id No1 """roed 
MW02-7d 12.10 571.13 Turt>id Not 0 .5 

Clear 6.61 15.1 1049 3 x drv 
5.68 580.41 Clear SliCJhtorqanic 1.0 6 .88 13 .1 913 X drv 

1 7.21 14.9 35 
Slighttv 6.41 15.8 3 x drv 3. 

579.69 SliQhltv turbkl None 6.79 16.3 1023 8.91 3 xdrv 2. 
17 Slioht oroanic 6 .44 15.1 11.8 3x d,v 3. 

6.65 12.1 1 -0.4 3 X drv 2. 
11.62 572.60 None 6.0 7.19 13.0 680 -26.7 0-Sk>w rechar. ••• 

Sliaht oraanic 6.67 14.7 -0.5 3X dN 3. 
.81 Clear 3lightol'UllfltC 6.56 11 .5 1 4.9 3x dn, 3 . 

MW02-4d PK1 93 563.33 18.94° 564.39 Ven, turt>id None 12+ 8.1 0 14.1 1316 -82.6 0-Slow rechar. 0 • 

.11 Sliohttv turbid Slk>ht oraanic <1 6.56 1 5 3x dry 2. 

.87 Clear Slight oruanic 6.66 13.1 5 3 xdrv 4. 
~ , 05 583.29 5.11 578.18 Clear SliQtlt oroanic <1 6.51 17.1 603 5 3xdrv 2. 

Clear ohtoroanic 6.72 12.7 8 3xdry4'. 
Slightly Dh1 organic 5.92 15.7 3X ckv <1. 

4.86 .. 578.5 1 SliahUV turbid SliQht mnanic 1.0 6 .16 12.3 606 -8.6 drv 
13.9"' Sliahtlv <1 6 .93 1 894 .2 <1 Slow recha. ••• 

water e(evation 579.1 

PK194 565.61 4.90 560.91 Lt. brolNO, aliaht Sliaht orQanic <1 6.50 6 .7 1001 
ont Or 6 8.3 recorded 3 

585.81 art ght 7.11 7.4 recorded 
583.60 3.53 560.07 Clear to slillht Sliaht omanic 1.0 6.30 7.8 901 not recorded 

2 2.98 590.22 oht Slioh oroa.nic 6 7.8 recorded 
17 4.24 U. yel part. 0= ..., 6 8.0 reooroed 3 bailers 

MW02-3i 583.96 4.06 5 Lt br. verv slltv Sliaht oraanic 6 8.3 recorded 
22 4.16 Ve,v It anic 7.03 7.7 

583.51 18 579.33 LI t OrQilllic 1.0 6.62 
563.36 4.02 Lt t nic 6.55 8.0 3 

MW02-4dr JV 3.38 ght Organic 6.95 7.7 recorded 3 baileB 
MW02-5 PK203 583.35 4.31 Brown eih SliQht nnv1nic 6.54 
MW02·Si 19 11 "aht 6.56 2bail 
MW02·6 4.20 ohl SliQht om.e.nic 6.40 8.4 not recorded 2 i 
MW02-8l 4.32 tosJiaht Q=nle 6.66 921 2 ii 
MW02.·7 4.61 sli ht Sliahto ic 2 ii 

To 4.56 Ll vet part. Very sliQht OrQ 6.77 not recorded 2bailera 
MW02-7d PK209 583.23 4.18 7.1 2 ii 

1 not detennlned 3.00 I 6 
GW01·2 slight 6 ecoroed 2 
GW01·3 562.54 2 .65 Clear '° sliaht Sliaht oroanic 6 .37 
GW01-4 3 Lt vet clav oart. Oraanic 6 2 
GW01-5 0""""" 5 6 .31 8.6 511 not recorded 
u W01--6 not detennined Oraanic 6 2 
GW01 -6 LI slioht Sli ht oraanic 3.5 2 
GW01 ·10 a/iaht Sliaht orq,anic 6.34 6.9 6 14 not recorded 3 

2/1912003 Verv&iltv Sliaht oroanic <2 
73 Sil htorganic 884 

PK196 585.81 6.63 579.16 Siltv SI aht orn11nic 2.0 7.19 4.0 626 -17 

3.04 
JY960 584.17 4.79 579.38 Slioht Oraanic 3.0 6.63 2.9 1450 13.0 

Slioht 6 3.7 2.7 1 
MW02-3d 584.22 21 Clear Slight Organic 6 3.8 4 
MW02-4 PK191 583.51 5 .17 578.34 SliQht Oraanic 4.0 6.81 2.4 1540 3 .4 1 
MW02-4i Slioh1 Oroank: 6.77 4.2 1057 5.8 1 
MW02--4dr JY888 4.39 C1 Hiahaulfide 7 7 -13.4 4 
MWD2-5 Sliom Oroanic 6 1 566 22.7 1 
MWD2-Si Slioht Organic 1 7.3 
MW02-8 S lioht OrQ8nic 588 1 1 
MW02-61 PK206 577. Sliaht OraaNC 882 2.8 1 
MWD2-7 583.31 5.75 577.56 C1 Slight Organic 
MW02-7i 5.71 577.66 Slloht Sliahl O rrum ir. 7 3 
MW02-7d Sliaht SUaht N'nAnic 2 

-8 
-6i PK263 583.04 2 .79 580.25 

frozen -1 not detennined 
GW01-2 
GW01-3 562.54 3 .65 Sliahl o-ni,- 4.0 6.41 2.1 555 24.9 <1 
GW01-4 Turbid tMI. 1 440 <1 
GW01·5 T Sl!ahtorga.rlc 2.8 503 1 
GW01-8 not detenninod Turbid Of'Qanic readina 630 <1 

frozen GW01-8 
01·10 



Kewaunee Marsh Water Sampling Field Data 

MW02-1 
MW02·1d 

MW02-4dr 

PK263 

585 

585. 

584.17 
.96 

584.22 

583.37 
583.23 
582 .... 
583.04 

4.58 

4.60 
3.19 
2.63 
3.85 

3.49 

58121 
580.41 

580. 

580 

579.7< 

579.55 
579.3:3 

578.93 

580 

tuobMI 
""'" 
Mbi<l 

Clear 

Clear 
lear •ace 

None 

None 

None 
turt>id 

i 
None 

ear 
turt>ld 

None 

Clear 

2.30 Glearw'lrace 
580.04 Cleo<w'lrace 582. 

r w'lrace 
-6 not • lei ermined Clear w'trace 

·10 582.95 580.8 Clear None 
Notes: 11:30 o.m level PK no� in Ua -111.60. W.ater level II KewaUMO River bridge gauge • 0.70, 

Redox meter drifting· reading� not taken on 6-6-03 

585.61 

583.2 
580.19 not recorded 

4.26 I recorded not 
MW02-4 3.52 579.99 not recorded 

MW02-4dr 3.05 l reoorded not recon led 
3.46 

not reco 
3.50 not recorded 
3. not 

not reoorded 
4.01 oot r<>COrded 

recorded 
582.89 2.00 not r<>COrded 

580.25 not 
not r<>COrded 

PJ= 585 not recorded 
PA263 581.05 

not r<>COrdled 
PA265 581 579.14 not recorded 

not determined 
not recoroed 

582.54 2.45 oot recorded not recorded 
GWO 582.64 

not recorded 
GWO not detenninad 2.33 
GWO 582.35 2.04 580.31 not 

Nota: water lev ala in< licotad eo were not aomplad. 

not 

3. 

3. 

3. 

2. 

0.9 

.75 
08 

.39 

.36 

.46 

6.81 

6.50 

6.36 
8.55 
8.63 

8.65 
.39 

6.80 
6.88 
6.58 
8.50 

6.46 
6.58 

11.4 
12.3 

13.9 

10 

13. 
12.2 

10.2 
10. 

10.4 

102 

not r<>COrded 

9.5 
10.0 

10.0 
9.6 

81 
728 
825 

100 

760 

563 

1013 

1 1 46  

742 

579 

162 

63.9 
-14.3 

209 
not recorded 

279 
75.9 

169 

198 

226 

5.0 

1.5 

20 

2.5 

not r<>COrded 

not recorded 

not recorded 

not recordad 
not r<>COrded 

not recordad 
oot recorded 

not r<>COrded 

not recordad 
not recorded 

Dale 
WDNR Top PVC Cuing 

Well No. Unique Elevation 
WellNo. 

616/2003 !MW02·1 ! PKt94 f 81 
I PKt95 586.09 

PK196 81 
MW02-2 JY958 583.60 
MW02·2l JY959 583.2 
MW02-3 JY960 
MW02-3i PK201 583 
MW02-3d PK202 
MW02...._ PK191 583.51 
MW02-4i PK192 583.38 

JY888 583.33 
MW02-5 PK203 583.35 
MW02-51 PK204 583.29 
MW02-8 PK205 583.29 
MW02-6i PK208 583.39 
MW02·7 PK207 583.31 

rW02·7l 
PK208 

d PK209 
PK262 

GWOl-1 not delermtned 
GW01-2 562.89 
GW01-3 562.54 
3W01-4 ' 64 

W01-5 562.03 
:iWOI 
GW01-8 562.35 
t:iW01 

8¼-03Waler 0 

PK194 585.Bt 
PK195 58609 

MW02:·1d PK196 
MW02-2 JY956 583.60 
MW02-21 JY959 
MW02-3 JY960 584.17 
MW02-3i PK201 56398 
MW02-3d PK202 584.22 

1'1(191 583.51 
MW02-4i PK192 583.38 

JY888 583.33 
MW02-S PK203 583.35 
MWOZ-51 PK204 583.29 
MW02-& PK205 583.29 
MW02-6i PK206 583.39 

IMW02-7 I PK207 583.SI 
71 PK206 58337 

MW02•7d t'l<209 583.23 
MW02-3 PK262 
MW02-81 PK263 583.04 
MW04-9 PA261 583.55 
MW04-10 .17 
MW04-11 583.68 
MW04-12 PA264 561.07 
MW04-13 .10 
~W0!-1 

562.89 

W01-5 562.03 
1-6 
1-3 

IGW0!-10 I I 562.95 I 

Depth 
to Water 

4.79 

3.76 

3.63 
3.46 
3.03 
3.81 
3.90 
3.74 
4.08 
425 
4.44 
4.15 
2.09 
2.31 
2.44 

2.50 
2.60 
2.12 
2.56 
2.10 
2.15 

. . . 
3.96 
,.26 

3.35 

3.57 

n 
3.57 

4.22 

2.79 
2.40 
4.76 
2.81 
1.55 
1.96 . 
2.21 

1.94 

Groundwater 
Elevation 

561.23 
581.3 

580.57 
32 

580.2 
.73 

579.88 
579.9 
580.3 

579.39 

579.08 

579.08 
580.8 

.73 

580.59 

580.04 
579.91 

58025 

579.7 
579.96 

580.01 
580.28 
579.87 
579.72 
579.79 
579.62 
579.74 
57938 
579.01 
580.89 

581.1S 
580.4t 

579.52 

580.68 
580.09 

560.09 

Slightly 
SfirvHN' 
Sli 

Clear 
Sl!llhtfyhffbid 

Ve,vsillv 

C wl e:art. 
SJinmrv1fflbid 
Sli 
Sfiarnrv turbid 
SUtv1.nvturb,d 

Clear w'frace Dari.. 
Cl 

Sfinn= 
Clear 

"'"'"'Nturt,;d 

Clear 

Ctear Wtrace n11rt 

••rt. 
part. 

Clear-~ 
Clea ..... .... 
Clear \Wtrace Part. 

not recorded 
00 

..,, recorded 

no 
nol rea>nled 
nol recorded 
not recorded 

rea>nled 
rot recorded 
not reoorded 
not recorded 
not recorded 

recorded 
notreoonled 
not recorded 
not recorded 
not recorded 
not recorded 

not recorded 

None 
stmht omanic 

SliQhl:oraanic 
SiiQht orqanic -Sl!Qht nnvuW-, 

Omanic 

Slight omanic 
Slohf ornarur.: 

"""'""' o--
None 

Slight om11nic 
·-nic 
-·nic 

·"""""' Oroanic 
Oroanic 

·-·ic ·-·""' 
elev. 578.0 

not recorded 
not reconled 

recorded 
not recorded 
not reoolded 

not recorded 
rded 

oot recorded 

not 

not recorded 

not recorded 

not recorded 

0.0 
(mg'l} 

30 
2.0 
3.0 
3.0 
2.0 
2.0 
3.0 
3.0 
2.5 

0 
3.0 
3.0 
2.0 

0 
2.5 
3.0 
2.5 
3.0 
3.0 
2.5 
4,0 
3.0 
3.0 
2.5 

0 
3.0 

0 
2.0 

0.8 
1.6 
8.2 
0.4 
0.6 

'·' 0,9 
t.0 
0.8 
0,1 
1.6 
09 

recolded 
1.2 

not recorded 
1.5 
5.3 
5.4 
0,9 
0.8 

1.5 

1.2 
1.4 
0.9 

Fieldplf 

646 
6 
7. 
8.31 
8 
6 
6 
6.94 
8.55 
8.45 

6.32 

6.24 
6.59 
8.52 
8.76 
6.66 
8.43 
6,49 
8.40 
8.31 
6.21 
8.24 
8.34 
6.34 
6.33 
6.28 

6.60 
4.26 
7.31 
6.16 
6.67 
7.06 
6.52 
6.80 
6.47 
6.85 

nol recorded 

not recorded 

7 
6.80 

6.58 

Reid Temp Specific Cond. 
('C) (I'S) 

119 895 
10.3 1 

12.1 928 
13 1332 

951 
13.1 625 
13.4 1330 
13.2 9 
12.2 658 
12.8 538 
tt.8 812 
13.5 522 
13.5 783 
12.8 511 
12.1 640 
12.t 
12.1 985 
11.7 933 
10.3 561 

.4 710 
11.1 533 

9 392 
47t 

12.4 621 
555 

1 

10.8 1428 

8.3 812 
10 . .f. 1479 

8.6 633 
10.4 539 
10.0 804 
10.3 559 
10.0 821 
9.S 468 
96 714 

not recorded 
9.7 925 

not n,oorded not recorded 
8.6 695 

10.5 72000 
9.9 1244 
10.• 640 
10.2 n8 

555 

471 

9.8 526 

ORP 
(mv) 

160 
224 
203 
168 
165 
160 
219 
t89 

162 

not recolded 

251 

147 

206 

235 
172 

Volume Purged 
(gal) 

2 
3 

2 
3 

2.0 
5.0 

2.5 
10.0 

2 
3.5 
2.0 
3 

2.0 
1.5 
2.0 
2.0 
2 
5 

t.25 
1 
2 
1 

1.5 
t.5 

1.5 

notrecorded 
not recorded 
not recorded 
not recolded 
not recorded 
oot recorded 
nolrecolded 
not recorded 

..,, recorded 

I not recorded I 
ootreoonled 

not reconted 

not recotded 

I not recorded I 
not recorded 



Kewaunee Marsh Water Sampling Field Data 

WDNR Top PVC Casing Depth Groundwater 
Date Well No. Unique Elevation to Water Elevation Color/Turbidity Odor 

WeH No. 
4127/2005 MW02-1 PK1!>4 585.81 

MW02-1i PK195 566.09 
MW02-1d PK196 585.81 
MW02-2 JY958 583.60 
MW02-2i JY959 583.2 
MW02-3 JY960 584.17 3.50 580.67 not recorded not recorded 
MW02-3i PK201 583.96 3.42 580.54 not recorded not recorded 
MW02-3d PK202 584.22 3.13 581.09 not recorded not recorded 
MW02-4 PK191 583.51 3.10 580.41 not recorded not recorded 
MW02-4l PK192 583.36 2.86 580.5 not recorded not recorded 
MW02-4dr JY688 583.33 2.45 580.88 not recorded not recorded 
MW02-5 PK203 583.35 2.97 580.38 not recorded not recorded 
MW02-5i PK204 583.29 3.08 580.21 not recorded not recoJded 
MW02-6 PK205 583.29 2.87 not recorded not recorded 
MW02-6i PK200 583.39 3.30 580.09 not recorded not recorded 
MW02-7 PK207 583.31 3.32 579.99 not recorded not recorded 
M'N02-7i PK208 583.37 3.60 579.57 not recorded not recorded 
MW02-7d PK209 583.23 
MW02-a PK282 582.69 1.97 580.92 not recorded ·not recorded 
MW02-6i PK263 583.04 
MW04-9 PA281 2.28 581.27 not recorded 
MW04-10 PA282 585.17 3.23 581.94 not recorded 
MW04-11 PA263 583.66 1 .98 581.88 not recorded 
MW04--12 PA264 581.07 1.45 579.62 not recorded 
MW04-13 PA265 581.10 1.96 579.14 not recorded 
GW01-1 not determined 
GW01-2 582.69 2.1 580.79 not recorded 
GW01-3 2.47 580.07 oot recorded 
GW01-4 582.64 
GW01-5 582.03 1.56 580.45 not recorded 
GW01-6 not determined 1.68 
GW01·8 582.35 1 .73 580.82 not recorded 
GW01-10 582.95 

Notes. 4127/05 was a quarterly aamphng roood. Wells With water levala 1nd1CBted aa were not sampled . 

711312005 

Obaolved oxygen meter on now-thru not working. Reading� obtained using YSIS56 Chemetrics ampules. 
w.,;,11 Elev. 97.18 (4127/05) ard 97.12 (4128105) - tlowing 
Wei.rl2 Elev. 98.03 (4127/05) ard 94.04 (4128105) - tlowing 

MW02·1 PK194 585.81 5.93 571l.86 not recorded 
MW02-11 PK195 586.09 5.98 580.11 not recorded 
MW02-1d PK196 585.81 5.85 579.96 not recorded 
MW02·2 JY958 583.60 3.73 579.87 not recorded 
MW02·2i 583.2 3.n 579.43 not recorded 
MW02-3 JY960 584.17 5.03 579.14 not recorded 
MW02-3i 583.96 4.98 576.98 not recorded 
MW02-3d PK202 584.22 4.16 580.06 not recorded 
MW02-4 PK191 583.51 4.88 578.63 not recorded 
MW02-4l PK192 583.36 3.58 579.78 not recorded 
MW02-4dr JY688 583.33 4.68 578.85 not recorded 
MW02-5 4.97 578.36 not recorded 
MW02-5i PK204 583.29 4.88 578.41 not recorded 
MW02-S PK205 583.29 5.04 578.25 not recorded 
MW02-& PK200 583.39 5.18 578.21 not recorded 
MW02-7 PK207 583.31 5.43 5IT.88 not recorded 
MW02·7i PK2oo 583.37 5.25 578,12 not recorded 
MW02-7d PK209 583.23 4.01 579.22 not recorded 
MW02-a PK262 582.69 3.10 579.79 not recorded 
MW02·8i PK263 583.04 3.14 579.9 not recorded 
MW04-9 PA261 583.55 3.55 580 not recorded 
MW04-10 PA282 585.17 5.55 579.62 not recorded 
MW04·11 PA263 583.88 3.9 579.96 not recorded 
MW04-12 PA284 581.07 6.1 574.97 oot recorded 
MW04-13 PA265 581.10 5.8 575.3 not recorded 
GW01-1 not determined 2.82 not recorded 
GW01-2 582.89 2.96 579.93 not recorded 
GW01-3 582.54 3.17 579.37 not recorded 
GW01-4 582.64 3.n 578.87 not recorded 
GW01-5 582.03 3.35 578.68 not recorded 
GW01--6 not detennined 3.73 not recorded 
GW01·8 582.35 3.23 579.12 not recorded 
GWOHO 582.95 3.22 579.73 not recorded 

not recorded 
not recorded 
not recorded 
not recorded 
not reCorded 
not recorded 
not recorded 

not recorded 

not recorded 

not recon:ted 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not reconled 
not recorded 
oot recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 
not recorded 

D.D 
(mg/1) 

<1 
<I 
3.0 
1.0 
<I 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

<1 

<1 

3.5 
<1 
<1 

<1 
<1 

<1 
<1 
<1 

1.2 
1.9 
1 .3 
1.4 
5.0 
0.9 
1.8 
3.9 
1.3 
1.0 
2.3 
3.8 
0.9 
1.9 
0.7 
2.2 
1.1 
2.2 
1.1 
2.2 
2.0 
2.4 
6.3 
6.5 
0.9 
2.1 
6.3 
1.3 
1.6 
1.6 
2.7 
1.3 
1.5 

Field Temp Specific Cord. ORP Volume Purged 
Reid pH ('C) ("S) (mv) (gaQ 

6.60 3.6 1623 150.1 not recorded 
4.26 4.0 1200 97.1 not recorded 
7.31 7.5 82.5 oot recorded 
6.78 3.9 1 807 108.5 not recorded 
6.67 2.6 1349 60.8 not recorded 
7.06 6.5 731 36.1 not recorded 
6.52 2.4 617 66.2 not recorded 
8.80 2.2 931 63.1 not recorded 
6.47 2.4 578 130.9 not recorded 
8.85 2.3 921 72.1 not recorded 
6.38 3.0 372 61.3 not recorded 
6.55 2.1 726 76.6 not recorded 

6.63 2.5 1082 130.4 not recorded 

6.65 4.5 1�16 69.9 not recorded 
7.39 5.8 2800 1 1 7.1 oot recorded 
6.80 5.0 1663 95 not recorded 
6.60 5.4 1084 120 not recorded 
8.86 5.4 66 not recorded 

6.56 1.1 853 152.3 not recorded 
6.50 2.0 1052 not recorded 

6.48 2.1 117 not recorded 
6.58 2.6 113.1 oot recorded 
8.58 2.0 128.7 not recorded 

6.40 10.8 1065 16.7 to d 
6.70 8.9 924 31.7 to 
5.85 10.6 826 -19.7 
6.30 1 2.8 915 68.7 2 Ilona 
6.50 8.3 1048 43.5 1.5 
6.40 1 1 . 1  1466 -14.8 1.5 
6.40 8.5 1 075 39.4 
6.60 9.2 27.8 
6.80 10.7 1430 16.4 bailed 
6.50 7.2 12.29 40.0 bailed 
8.90 8.1 92.5 bailed 
6.50 1 1 .1 17.7 bailed 
6.50 7.2 24.4 bailed 
6.10 9.7 558 44.6 bailed 
6.40 6.1 12.8 bailed d 
6.00 11.0 bailed 
6.20 6.9 748 8 2.5 
6.00 9.8 853 bailed 
8.60 10.3 82 bailed 
6.60 7.4 1042 56.2 bailed 
6.70 10.3 1238 60.9 bailed 
7.10 9.2 2800 1 1 5.4 bailed 
6.50 9.7 1231 96 bailed 
6.10 8.6 1032 ·3.2 bailed 
5.60 7.9 ·34.2 bailed 
6.60 15 912 122 t 
6.30 12.6 800 84.6 bailed 
6.20 12.2 58.1 bailed 
5.10 13.6 10 
6.20 12.2 bailed 
6.80 13.1 694 62.4 bailed 
6.20 1 1. 2  33.5 bailed 
6.30 11.9 40.3 bailed 

) 

l 

696 

580.42 

583.55 
drv 

938 

. 582.54 549 

630 
556 

rv 
drv 

10t1J111llone 

= 
JY959 oalloos 

aallone 
PK201 1.5 aellons 

645 2 aallor. 
drv 
drv 

660 drv 
PK203 583.35 556 drv 

844 drv 
drv 

864 rv 
'43 23 drv 

nallone 
-66 drv 

994 drv 
drv 
drv 
drv 
drv 
drv 

see dN 
naJlon 

drv 
557 drv 
462 BO m1Uons 
496 26 drv 

drv 
590 drv 
592 drv 

@ t1. 



Kewaunee Marsh Water Sampling Field Data 

11/2005 MW02· PK194 585.81 
MW02·1i PK19! 586.09 
MW02·1d PK196 565.81 
MW02·2 583.60 
MW02·2i JY959 583.2 
MW02·3 564. 579.51 no1'.-ecortled no1 .-ecortled 8.31 1.92 1451 2 

579.38 no1 recortled 10.3 1 093 ·76.8 
MW02-3d PK202 564.22 4.61 579.61 no1 recortled no1 recorded 4.4 8.99 9.15 641 ·71.9 3 
MW02-4 PK191 583.51 579.05 not recortled not recortled 8.39 C20 -47.6 2 
MW02-41 PK192 563.36 579.09 not recorded 0.9 6.27 10.30 1229 -62.4 1 . 5  
MW02·4dr JY688 583.33 3.70 579. no1 recortled not recortled 1.6 8. 661 2 

PK203 583.35 578. not recortled not recortled 1.4 ·24. 1.5 
MW02·5i PK204 563.29 4.74 578. not r'"""'"'" no1 recorded 0. !.5 ·27.8 
MW02·8 PK205 583.29 4.38 578. not recortled no1 recortled 1.2 !.8 -65.0 I 

PK208 583.39 4.54 578. not recortled -69.8 2 I 
PK207 563.31 4.62 578. not .-.corded nol.-ecortled 1.98 455 ·52.9 I 
PK208 583.37 4.88 578.51 not recortlod not recorded 6.48 .15 788 ·55.5 2 

·7d 
PK262 582.69 3.02 579.8< not recortlod no1.-ecorded 0.9 8.35 10.89 979 -49.8 1.5 
PK263 583.04 580 not recortled .. 

3.45 580. 10.79 t70 
PA262 5.24 579.93 not recordod not recorded 

MW04-1 PA263 583.66 580. 14 not recorded not recortled 4.4 6.89 1.0 1215 1.5 
PA264 581.0< 2.40 578.8< not 10.5 1052 

MW04-t3 PA265 581.10 3.10 578 not recorded not reoorded 0.8 8.31 10.37 ·77. 1 . 5  
GWOH i 
c;wo1-2 0.8 625 10.18 743 75. I 
GW01-3 582.54 3.08 579.48 not recordod no1 recortled 1.3 6.30 1 0.4 ·67.2 I 

582.64 
LO 6.22 

3.14 not recorded not recorded 2. 6.61 1 0.5 85.8 0.6 
582.35 1.02 not recortlod not recorded LO 8.30 10.8 ·54.4 :.5 
582.95 582.95 not .-ecortled 

Note: 1 1/t/0! was o quarterly sampling roood. Wet" WO water""'""' indiCated as were not sampled. 

11/1/2005 SW-1 not recorded not recorded 2.4 6.41 8.4 871 -4.4 
SW·2 not recorded not recorded 9.5 7.00 5.5 676 ·20.0 
SW-3 not recorded not recorded 
SW-4 not recorded not recorded 
SW-5 not recorded not recorded 4.5 6.66 8.8 -67.0 
SW-8 not recorded not recorded 
SW·7 not recorded not recorded 
SW-8 not recorded not recorded 8.9 7.17 7.63 471 -43.2 

Date 

11 

WONR Top PVC Casing 
Welt No. Unique Elevation 

W ell No. 

1 

JY958 

JY960 17 
MW02·3i PK201 583.96 

I 

MW02·5 

MW02-6i 
MW02-7 
l/iW02·71 
MW02 PK209 583.23 
MW02·8 
MW02-8i 
MW0<·9 ·-81 583.55 
MW0<-10 585.17 

1 
MW0<-12 

not detenn ned 
582.89 

GW01--4 
GW01-5 582.03 
GWOHI not determined 
GW01·8 
GW01 ·10 

th 

Depth 
to Waler 

• . 66 
• . 58 

... 46 
4.27 

•. 53 

2.93 

3.72 

2.83 

3.87 

Groundwaler 
Bevalion 

63 
82 
55 
91 
85 
69 

.11 
1 

580,06 

578.16 

579 .33 

... 

I I I I I I I 

Color/Tutbidity 

not recorded 

not '800tded 
not reco 

rooorded 

not recorded 

not rea>rded 

Odo, 

not recorded 

not recorded 

not recorded 

not recorded 

not recorded 

not recorded 

not recoo:ted 

D.D 
(m!>'Q 

1.0 
0.9 

1.1 

7 

0.6 

1.3 

1.2 

0.8 

1 

FoeldpH 

6.32 

6.59 
6.03 
6.27 
6.12 
6 ... 
5.IM 

6.57 

6.29 

Field Temp 
('C) 

1 

11 .17 

12 
10.8 
1 
1 
9.8 
11 .0 

11 

1 

10.8 

Specific Good. 
(µS) 

1 

558 
635 
583 
864 

1 

838 

563 

504 
6'9 
582 

OAP 
(mv) 

·100.3 

..... 2 
7 

-U.5 

-32.2 
~ -8 

0 

1 

·75.9 

Volume Purged 
(gal) 

aollons/drv 
2 oallons/dry 

aalion,/drv 
aallons/drv 
oallono/d,v 

Qalkms/drv 
oaMons/drv 

2.5 aallonocVdrv 
aallowdrv 
oakms/dN 
oallowdrv 

Qallonaldrv 

aallono/drv 
mole 

1 gaalor,'d,v 
inadecJ samok! 

aaUona/drv 
1.5 gallona/d,v 

oallona/drv 

oallowdrv 
aallowdrv 

1 gallor,'dry 
oailowdrv 
aallone/drv 

I I I I 1-1 I I 



I �-· -

Weir # 1 

Date Head Above V-Notch 
3/3 1 /05 0.21 (Ice In Transducer Well) 

4/5/05 0. 1 2  ( Installed Transducer) 
4/6/05 0.07 

4/8/05 0.02 

4/9/05 No-Flow 
4/1 0/05 Trace 
4/1 1 /05 Trace 
4/1 2/05 Trace 
4/1 9/05 No-Flow 
4/20/05 0.03 

4/21 /05 Trace 
4/23/05 No-Flow 
4/25/05 0.02 

4/26/05 0.04 

4/27/05 No-Flow 
4/28/05 0.05 

5/1 /06 0.04 

5/4/06 0.02 

5/5/06 No-Flow 
5/1 3/06 0.06 

5/1 5/06 0.08 

5/1 6/06 0.08 

5/1 8/06 0.04 

5/1 9/06 0.08 

5/20/06 0.1 1 

5/24/06 0.09 

5/26/06 0.08 

5/28/06 0.04 

5/30/06 No-Flow 
1 1 /2/06 No-Flow 

-

. .s:) 

Kewaunee Marsh 
Weir Monitoring /Flow 

Weir # 2 

Flow Flow 
Date Head Above V-Notch 

22.70 3/31 /05 0.6 ( Ice in Transducer Well) 55.30 

5.60 4/5/05 0 . 1 1 { Installed Transducer) 4.50 

1 .50 4n!05 0.09 2.70 

0.06 4/22/05 0.08 2 .00 

4/27/05 0.07 1 .50 

4/29/05 0 .1 1 4.50 

5/5/05 0 .1  3.50 

5/1 5/05 0.09 2 .70 

5/1 8/05 0.07 1 .50 

0 . 1 7  5/24/05 0.06 1 .00 

5/29/05 0.05 0.60 

6/2/05 0.04 0.40 

0.06 6/5/05 0.03 0.20 

0.35 6/8/05 0.02 0. 1 0  

6/1 0/05 0.01 0 . 1 0 

0.62 6/1 3/05 No-Flow 
0.35 1 0/27/05 · 0.01 0 . 1 0  

0.06 1 0/28/05 0.02 0. 1 0  

1 0/30/05 0.01 0. 1 0  

1 .00 1 1 /2/05 No-Flow 
2.00 

1 .50 

0.35 

2.00 

4.50 

2.70 

2.00 

0.35 

K:\PROJECTS\427393E\SiteData\Wier Monitoring Flow.xls 

(South) (North) 

(ft.) (~lPm) (ft.) (gpm) 

(Removed Transducer) 

(Removed Transducer) 



Precipitation Summary 
March 2005 through November 2005 

Green Bay, Wisconsin 

K:\PROJECTS\427393E\SiteData\T427393E-PRECIPITATION·SUMMARY.xls 

~lf~~ttl~~'3 w,;,--• .'""Oj/-- a,- -· - , ~ 
~~ e: .,;~·-t,'Hlilll:,<_.:,i<l ffl. =''"'1fl-,.~·=""~ ;· . r, ,J.&llir~. '.,.~. 

J,.z,;..,. ~~~ wr~:~ 
3/1/05 0.00 4/1/05 Trace 5/1/05 0.02 6/1/05 0.00 
3/2/05 0.00 4/2/05 0.00 5/2/05 Trace 6/2/05 0.00 
3/3/05 0.00 4/3/05 0.00 5/3/05 o.oo 6/3/05 0.00 
3/4/05 0.12 4/4/05 0.00 5/4/05 0.00 6/4/05 0.08 
3/5/05 0.00 4/5/05 0.00 5/5/05 0.00 6/5/05 0.34 
3/6/05 0.00 4/6/05 0.00 5/6/05 0.18 6/6/05 0.00 
3/7/05 0.04 4/7/05 0.00 5/7/05 Trace 6/7/05 0.48 
3/8/05 0.00 4/8/05 0.00 5/8/05 0.00 6/8/05 0.00 
3/9/05 0.00 4/9/05 0.00 5/9/05 0.18 6/9/05 0.39 

3/10/05 0.10 4/10/05 0.00 5/10/05 0.00 6/10/05 0.34 
3/11/05 0.09 4/11/05 0.11 5/11/05 0.00 6/11 /05 0.02 
3/12/05 0.00 4/12/05 0.00 5/12/05 0.09 6/12/05 0.00 
3/13/05 0.00 4/13/05 0.00 5/13/05 0.58 6/13/05 1.66 
3/14/05 0.00 4/14/05 0.00 5/14/05 0.15 6/14/05 Trace 
3/15/05 0.00 4/15/05 0.00 5/15/05 Trace 6/15/05 0.00 
3/16/05 0.02 4/16/05 Trace 5/16/05 0.00 6/16/05 0.00 
3/17/05 0.00 4/17/05 0.00 5/17/05 0.05 6/17/05 0.00 
3/18/05 0.02 4/18/05 0.02 5/18/05 0.09 6/18/05 0.00 
3/19/05 0.50 4/19/05 0.86 5/19/05 0.63 6/19/05 0.00 

3/20/05 0.01 4/20/05 0.04 5/20/05 Trace 6/20/05 0.00 

3/21/05 0.00 4/21/05 0.00 5/21/05 Trace 6/21/05 0.00 

3/22/05 0.00 4/22/05 Trace 5/22/05 0.25 6/22/05 0.00 

3/23/05 0.00 4/23/05 Trace 5/23/05 0.01 6/23/05 0.00 

3/24/05 0.00 4/24/05 0.00 5/24/05 0.00 6/24/05 Trace 

3/25/05 0.00 4/25/05 0.36 5/25/05 0.00 6/25/05 Trace 

3/26/05 0.00 4/26/05 0.14 5/26/05 0.02 6/26/05 0.02 

3/27/05 0.00 4/27/05 Trace 5/27/05 0.06 6/27/05 0.00 

3/28/05 0.00 4/28/05 0.00 5/28/05 Trace 6/28/05 0.00 

3/29/05 0.00 4/29/05 0.00 5/29/05 0.21 6/29/05 Trace 

3/30/05 0.43 4/30/05 0.00 5/30/05 0.00 6/30/05 0.11 

3/31/05 Trace 5/31/05 0.00 

~~~iJfGj ~~v~id; -: ] 
7/1/05 Trace 8/1/05 0.00 
7/2/05 0.00 8/2/05 0.00 
7/3/05 0.00 8/3/05 Trace 
7/4/05 0.60 8/4/05 0.00 
7/5/05 0.00 8/5/05 o.oo 
7/6/05 0.00 8/6/05 0.00 
717105 0.00 8/7/05 0.00 
7/8/05 0.00 8/8/05 0.00 
7/9/05 0.00 8/9/05 0.66 

7/10/05 0.00 8/10/05 0.00 
7/11/05 0.00 8/11/05 0.53 
7/12/05 0.00 8/12/05 0.20 
7/13/05 0.00 8/13/05 0.00 
7/14/05 0.00 8/14/05 0.00 
7/15/05 0.00 8/15/05 0.00 
7/16/05 0.00 8/16/05 0.00 
7/17/05 0.00 8/17/05 0.00 
7/18/05 0.00 8/18/05 1.66 
7/19/05 0.00 8/19/05 0.00 
7/20/05 0.02 8/20/05 0.24 
7/21/05 Trace 8/21/05 0.00 
7/22/05 0.00 8/22/05 0.00 
7/23/05 0.27 8/23/05 Trace 
7/24/05 0.00 8/24/05 0.00 
7/25/05 0.53 8/25/05 Trace 
7/26/05 0.04 8/26/05 0.74 
7/27/05 0.00 8/27/05 0.20 
7/28/05 Trace 8/28/05 0.00 
7/29/05 Trace 8/29/05 0.00 
7/30/05 0.00 8/30/05 0.00 
7/31/05 0.00 8/31/05 0.00 

~-• "'' ,_ = -,~, • V 

~, i -::1Jv.iduJ2B1.. · .:) 
9/1/05 . 0.00 

9/2/05 0.00 
9/3/05 Trace 
9/4/05 0.00 
9/5/05 0.00 
9/6/05 0.00 
9/7/05 0.38 
9/8/05 Trace 
9/9/05 0.00 

9/10/05 0.00 
9/11/05 0.00 
9/12/05 0.00 
9/13/05 0.95 
9/14/05 0.00 
9/15/05 0.00 
9/16/05 0.00 
9/17/05 0.00 
9/18/05 0.00 
9/19/05 0.19 
9/20/05 0.00 
9/21/05 Trace 
9/22/05 0.28 
9/23/05 0.00 
9/24/05 0.00 
9/25/05 0.51 
9/26/05 0.04 
9/27/05 0.00 
9/28/05 0.73 
9/29/05 0.00 
9/30/05 0.00 

filv·• ~ •v=-"ifil~\1'"'''}3 
'OZV.~ \:¼<1.. 

10/1/05 0.00 
10/2/05 0.00 
10/3/05 0.00 
10/4/05 0.33 
10/5/05 0.38 
10/6/05 0.05 
1017/05 0.02 
10/8/05 0.00 
10/9/05 0.00 

10/10/05 0.00 
10/11/05 0.01 
10/12/05 0.01 
10/13/05 Trace 
10/14/05 0.00 
10/15/05 0.00 
10/16/05 0.00 
10/17/05 0.12 
10/18/05 0.00 
10/19/05 0.00 
10/20/05 0.00 
10/21/05 Trace 
10/22/05 0.45 
10/23/05 0.12 
10/24/05 Trace 
10/25/05 0.00 
10/26/05 0.00 
10/27/05 0.00 
10/28/05 0.00 
10/29/05 0.00 
10/30/05 0.10 
10/31/05 0.00 

11/1/05 Trace 
11/2/05 0.00 
11/3/05 0.00 
11/4/05 0.00 
11/5/05 0.67 
11/6/05 0.40 
11/7/05 0.00 
11/8/05 Trace 
11/9/05 0.00 

11/10/05 0.00 
11/11/05 0.00 
11/12/05 0.12 
11 /13/05 Trace 
11/14/05 0.02 
11/15/05 0.84 
11/16/05 0.12 
11/17/05 Trace 
11 /18/05 0.02 
11/19/05 0.00 
11/20/05 0.00 
11/21/05 0.00 
11/22/05 0.00 
11/23/05 0.07 
11/24/05 Trace 
11/25/05 0.01 
11/26/05 Trace 
11/27/05 0.56 
11/28/05 0.24 
11/29/05 Trace 
11/30/05 0.00 



STS Geotechnical Group Laboratory Test Results UNCONFINED COMPRESSION TEST - QU �� 
Job 

M vJi10l----S _ Red Brown � _ Dk Red Brown 

_ MOIST 

Black Brown Boring I 
Gray Gray Brown Sample -: 

---- WET SATURATED -::Q...:J I 
ADJECTIVE NOUN SOME (20-34%) 
--- Silty Clay Clay 
__ clayey Silt Silt 

___ Sandy 
__ Gravelly Sand Sand 

__ Organic ___ Gravel ___ Gravel 
___ Fine 

___ Topsoil 
__ Medium 

____ Roots Coarse 

TOP 

Water Content Determination 
Tare No . 0 

LITTLE (l0-19%) 
Clay 
Silt 
Sand 

___ Gravel 
Topsoil 

Roots 

tvt. Specimen Wet + Tare --- �--- gms . 
Wt . Specimen Dry + Tare --- :2JS, ___ gms . 
lvt. Water 
Wt . Tare 
Wt . Specimen Dry 

Load Strain 
Dial In Load P Dial In 
0 . 0001" KG .00111 

0 0 
100 
200 
300 
I,QQ 

___ gms . 
__y;Q_ __ gms . 

___ grns . 

Unit Corrected Stress 
Strain Strain Arca-CM 2 KG/CM2 Inches 

TRACE (l-9%) UNIFIED CLASS I 
____ Cla� CL [ l ML 

' 
____ Silt [ CH [ l 

[ l OL [ l OH 
____ sand l SM [ l sc' 
___ Gravel [ l SP [ l SW 
__ Topsoil [ l GM [ l G( 

[ l GP [ l GW 
___ Roots [ l Pt [ l Fi 

I I 
TIP I ! 

Unconfined Compress ive Strength { 
Initial Diameter 
Initial Area 
Initial Height 
Initial Volume 
Wt . Specimen Wet 

D. em 

�: :i l 
I � 

\__ I I 
TEST RESULTS 

Adapter Shea
l I Coeff.  Stren . 

Tv = ----x____L.Q, 
---1 I Tv = --x -D....Z. ___ 't.� 

Sketch 
Tv =- 2 5 r· · �  X-"-'-"'- ---
QP = ____ tsf 

D REC = 
we 
Yd Wet 
Yd = 

Qu = 

�PCP I I  &l__PCF 
tsf ! J  CG 5260 

l 

'l 
' l  
I 

STS Geotechnical Grou-p UNCONFINED COMPRESSION TEST - Q U  Laboratory Test Results 

---''----- Red Brown Black Brown 

_____ Dk Red Brown Gray Brown 

MOIST ---- WET SATURATED 

ADJECTIVE NOUN SOME (20-34%) LITTLE (l0-19%) TRACE (1-9%) 
___ Silty Clay Clay Clay ___ Clay 
__ Clayey Silt Silt Silt ___ Silt 

___ Sandy 
__ Gravelly Sand Sand Sand ____ Sand 

__ organic ___ Gravel ___ Gravel ___ Gravel ___ Gravel 
___ Fine ___ Topsoil __ Topsoil 
__ Medium 

____ Roots Roots ___ Roots Coarse 

TOP 

Job t 
-S Boring ·----

Sample 

Dep th/Elev. (J,. 0 ,,5 
UNIFIED CLASS 

[ l CL [ l ML 
[ l CH [ l MH 
[ l OL [ l ou 

[ l SM [ l sc 
[ l SP [ l SW 
[ l GM [ l GC 
[ l GP [ l GW 
[ l Pt [ l Fil. 

--- - -

_ -

TIP 

j Water Content Determination �� Unconfined Compressive Strength 
Tare No. / � IJ';J Initial Diameter D em 

J Wt. Specimen Wet + Tare --- Initial Area 
Wt . Specimen Dry + Tare --- Initial Height 

Initial Volume J Wt. Water --- ____ gms . 
Wt . Tare l 

J 
Wt. Specimen Dry 

Load St.rain 

Dial In Load P Dial In 
0 .0001" KG .00111 

0 0 
100 

·200 
300 
400 

J 

.. J r.r:: "'"n 

S t rain 
Inches 

grns .  
Wt . Specimen Wet 

--- --- grns .  

Unit Corrected S t ress 
Strain Area-CM 2 KG/CM2 

Sketch 

D 
TEST RESULTS 

Adapter Shear 
Coeff.  S trengt 

Tv =  ----x____L.Q, ___ t• 
Tv = ----x ____1l_._l ___ t• 
Tv =--x____l.,_,l ___ u 
QP = ____ tsf 
REC = 
we = 
Yd Wet = 

Yd = 
Qu = 

P CF 
_____ tsf 

-

Date _____ _ No. 2737..;. 
No. __ , 

Depth/Elev/l'""'-_· _ 

[ l 

MF. I 

I 

-7il 
Peat 

/ 

.ll.-1rc.- -- -t~1-- ·=1 ::=t· - - ·, · ·; - - f lE ·· -- - - - - - ---- - - --I 

~3{};:- =~tf ~ ::i',j::j _~~~ 
. .1_t.LJ._t _ .J.= .1± .... L. ..J.-. . 

Ax1a.1. ·J.otaJ. 

2_12 

;r;,-12 
v .~ _- ·'I ( ~J~ 

- , Name ________ Date _____ _ NoZJ:};jj 
/v1v-llJlo 

~l(),f)l-_! l 
__ Gray 

-1 __ 

_J 

,I 

J 

' 7zn _ · Tops oil 

1 Pea t 
I 

I 

- :. - - ·- - . - . - - - ... --t - I+ i_ - . - -+l-1 ! ~: 

~~·- ;Hi_=ffl,c . - - - - ~- - - - .. :.1:: _; -- - - - - . -- _:_ -- '=:- .:- . . --- . . ~~ :ffl 

~~gms . 

Zs Ci f' ~-' _ gms . == 2-0J8_ __ 

Axia l o t~,.L 

0 219 

~ fee t 

~ 
~~ 
_!.Y2_ 



STS Geotechnical Group UNCONFINED COMPRESSION TEST - QU Laboratory Test Results 

Brown Black Brown 
Dk Red Brown Gray Brown 
MOIST SATURATED 

ADJECTIVE NOUN SOME (20-34%) LITTLE (l0-19%) TRACE (1-9%) 
-- Silty Clay Clay Clay ___ Clay 
__ clayey Silt Silt Silt ___ Silt 

___ sandy 
_Gravelly Sand Sand Sand ___ Sand 

__ Organic ___ Gravel ___ Gravel ___ Gravel ___ Gravel 
___ Fine 

__ Topsoil ___ Topsoil ___ Topsoil __ Topsoil 
__ Medium 

___ Roots Roots ___ Roots Coarse 

TOP 

Job _ - , 
fv1woa.-s Boring No ·---' I -� Sample 

- � � - Dep th/Elev 0 a.s,: -;.1 I 
UNIFIED CLASS I 

[ I CL [ I ML 
[ 1 CH [ 1 Mil 
[ ] OL [ ] OH 
[ J sM [ J sc! 

] SP 
[ ] GM 
[ ] GP 
[ ] Pt 

[ l sw 
[ ] G( 
[ I GW 

[ ] Fj 
I 

TIP 

\·later Content Determination 
Tare No . 

Unconfined Compress ive Strength j { 
Wt.  Specimen Wet + Tare ---
Wt. Specimen Dry + Tare --- ___ gms . 
Wt . Water 
Wt . Tare 
Wt . Specimen Dry 

Load Axial Strain 

Dial In Load P Dial In 

0 .0001" KG .001" 

0 0 

100 

200 
300 

400 

Unit 
S train 

Inches 
Strain 

___ gms . 
___ gms . 
___ gms . 

Corrected Stress 

Area-CM 2: KG/CM 2 

Initial Diameter 
Initial Area 
Initial Height 
Initial Volume 
Wt . Specimen Wet 

Sketch 
REC = 
we = 

D. 7. em 
A0 Cl: [ 11. em 
V0 Cli ' l g1•u 

I I 
TEST RESULTS 

Adapter She� j 
Coeff . Stren0--

D Yd Wet 

/ _ J 
il.J_PCF I I Yd = 

Qu = ___ tsf J 

I 

I 

STS Geotechnical Group UNCONFIN _ _ ED COMPRESSION TEST - QU Laboratory Test Results 

Red Brown Black Brown 
-----'-- Dk Red Brown Gray Gray Brown 

MOIST ---- WET 
ADJECTIVE NOUN SOME (20-34%) LITTLE (l0-19%) TRACE (1-9%) 
--- Silty Clay Clay Clay ___ clay 
__ clayey Silt Silt Silt ___ Silt 

___ Sandy 
__ Gravelly Sand Sand Sand ___ sand 
__ Organic ____ Gravel ___ Gravel ____ Gravel ___ Gravel 
___ Fine 

___ Topsoil ___ Topsoil __ Topsoil 
__ Medium 

____ Roots Roots ___ Roots Coarse 

TOP 

lj;io�fn�?o. 

Sample N -

UNIFIED CLAS S 
[ I  CL [ l ML 
[ I  .CH [ l MH 
[ l OL [ l OH 
[ l SM [ l sc 
[ l SP [ l sw 
[ l GM [ l GC 
[ l GP [ l GW 
[ l Pt [ I  Fil. 

TIP 

{ \·later Content Det.ermination 
Tare No . 

Unconfined Compressive Strength _j 
J I 
J 
J 
J 
J 
J 

Wt . Specimen Wet + Tare 
. Wt . Specimen Dry + Tare --- ZK£. ___ gms . 

Wt.  Water 
Wt . Tare 
Wt . Specimen Dry 

Load Axia• Strain 

Dial In Load P Dial In 
0 . 0001" KG 4 00111 

0 0 

100 

200 

·300 

400 

S train 

Inches 

--- ___ gms . 

Unit Corrected S tress 
S train Area-CM 2 KG/CM 2 

_j CG 5260 

Initial Diameter 
Initial Area 
Initial Height 
Initial Volume 
Wt . Specimen Wet 

D. 
A. 

em 
cm2 

TEST RESULTS 
Adapter Shear 

Coeff .  Strengt 
Tv = --x__L_Q ___ t• 

D 
Tv = ----x __Q__.__£ ___ t• 
Tv = --xc_6_,2 ___ t• 
QP = 
REC = 
we = 
Yd Wet = 
Yd = 
Qu = 

___ tsf 
___ feet 
�% __ 

.lt:.!i__;]_ P CF 
LQ.JiPCF 
___ tsf  

!" .... 'I 

Name Date 

Red 

Gray 

WET 

..,...-,;eat 
./ 

I -
~--gms _ 

=='JD 
Totar 

~~ I -1 . 

No 2J3si3 t 

tla'_II, a z ·1 

7 

I I _I 

17 
_K.B_]_ 

f@4.J } 

I I 

Tv :-x___L_Q ---i I 
Tv -x__..ll_...Z. __ t, 

Tv = - x----1..2.----1 · I 
QP = __ t sf I 

__ feet 

t/7/./ % 

= ~ PCF 

Name 

t+ -

I 

f-t 
LL 

I 
I 
I 
I 

. -~\ .- , 

~~ 
Date Job Na. Z..ZillJ 

1.1__w,~z,, 

SATURATED De pth/Ele v cl~:_ /,'.l) 

71 
Peat 

. 
-· -m ~ --. l~-1-·h- H1 -=~ =~fl-( -

- -!-f+--· 

. -1~ -, - ~w-1=--
I: j ·- -f . ,...,.l 

·/ fl . ' f-l+t++-~t ':tfil -±11 EE-:r fE ttH±l::1:.:::tJ·d u-L L...;.....1 -- - '·· - . L.Lc..L- _ Lt . 

I 
__-J:8U __ gms . 

")_/~ 

H0 /S::-8 ] cm 

== iot,y ::: 
V _,___- cm3 

0 lo fl 9 z9 gms 

Total 



STS Geotechnical Group UNCONFINED COMPRESSION TEST - Q U  Laboratory Test Results 
Job )'.f. tj 

Red Brown Black Brown · se. cs-j?d-Boriqg N ·� I 
Dk Red Brown Gray Gray Brown Sample ·(il -� 

SATURATED Depth/Elev. 

ADJECTIVE NOUN SOME (20-34%) 

___ Silty Clay Clay 
__ clayey Silt Silt 

___ Sandy 
__ Gravelly Sand Sand 

�ganic ___ Gravel ___ Gravel 
___ Fine ___ Topsoil 
__ Medium 

____ Roots Coarse 

TOP 

�later Content Determination 
Tare No . 

LITTLE (l0-19%) 
Clay 
Silt 

Sand 

____ Gravel 
___ Topsoil 

Roots 

WL Specimen Wet + Tare --- s U� ___ gms . 
Wt . Specimen Dry + Tare --- I/·() ___ gms . 
WL Water 
\-IL Tare 
Wt.  Specimen Dry 

Load Strain 

Dial In Load P Dial 1n 

0 . 000111 KG .001" 

0 0 

100 

200 

300 

400 

Unit 
S t rain 
Inches 

S train 

___ gms . 
___ gms . 
___ gms . 

Corrected S t ress 
Area-CH 2 KG/CM2 

TRACE (1-9%) UNIFIED CLASS i I 
____ Clay [ 1 CL [ 1 ML 

____ Silt [ 1 CH [ 1 
[ 1 OL [ 1 OH 

____ sand [ 1 SM 1 sd 
___ Gravel [ 1 SP [ 1 sw 
__ Topsoil [ l GM [ l Gc' 

[ l GP [ l GW 
___ Roo ts [ l Pt [ l Fi 

TIP I t 
Unconfined Compressive S trength I I 

Initial Diameter 
Initial Area 
Initial Height 
Initial Volume 
Wt.  Specimen Wet 

D0 em 
c� 

: I 
TEST RESULTS 

Adapter Sheal l 
Coeff.  Stren • 

Tv : -x
____L.ll __ l � Tv --x _!l...2 ___ ts 

Tv =-x___1...2. �· 
QP = ___ tsf 
REC = 
we 
Yd Wet 
Yd 
Qu 

__ feet 1 1 
J/.J_PCF I l 
____ tsf I I r.r. "',;n 

® 

-1 
-1 

1 
- 1  

_! 
l 
l 
l 

J 
I 

srs Geotechnical UNCONFINED COMPRESSION TEST - Q U  
Job 

SBoz -zz_ Brown ____ Black ----. Brown Boring No . 

Dk Red Brown Gray Brown Sample No ( 
_____ MOIST ---- WET SATURATED Depth/Elev. 0 " 

ADJECTIVE NOUN SOME (20-34%) LITTLE (l0-19%) 
___ Silty Clay Clay Clay 
__ clayey Silt Silt Silt 

___ Sandy 
__ Gravelly Sand Sand Sand 

__ Organic ___ Gravel ___ Gravel ___ Gravel 
___ Fine __ Topsoil ___ Topsoil ___ Topsoil 
__ Medium 

____ Roots Roots Coarse 

TOP 

Water Content Determination 
Tare 
Wt. Specimen Wet + .Tare ___ ___ gms . 
Wt. Specimen Dry + Tare --- ___ gms . 
Wt.  Water 
Wt . Tare 
Wt.  Specimen Dry 

Load Strain 

Dial In Load P Dial In 

0 . 0001" KG .00111 

0 0 

100 · 

200 

300 

400 

___ gms . 
___ gms . 

Unit Corrected Stress 
Strain S train Area-CH 2 KG/CM2 
Inches 

TRACE (1-9%) UNIFIED CLASS 
____ Clay [ l CL [ l ML 

____ Silt [ l CH [ l MH 
[ l OL [ l OH 

1 SM [ l sc 
___ Gravel [ l SP [ l sw 
__ Topsoil [ l GM [ l GC 

[ l GP [ l GW 
___ Roots [ l Pt [ 1 FiL 

TIP 

Unconfined Compressive S trength 
Initial Diameter D0 7· em 
Initial Area A0 cm2 
Initial Height 
Initial Volume 
Wt . Specimen Wet 

em 
cm3 

TEST RESULTS 
Adapter Shear 

Coeff . ·strengt 
Tv = -x� ___ t• 
Tv = --x ___ll..1. ___ t• 
Tv =--x� ___ t• 
QP = ____ tsf 
REC = 
we 
Yd Wet = 
Yd 
Qu = 

____ feet 
�--
�PCF 

/(fQ PCF 
____ tsf . .J rr.. �>?F;n 

Name Date 

MOIST WET 

--~l 

Peat 
/ 

t/ 

Ax1 a l. o t a .1. 

D 

~~ 
-7 

Nrl-2J__ I 

No:56 
0-11 I 

MIi, 

2.12 
Ao 

Ho Z3-~ cm 
Vo 91/&<,, cf I 

gn,o 

_[ 

- - l c:l 

~ %- -· 

~PCF. 

:'.i':) 
Group 

Laboratory Test Results R~ 
Name Date No.27_s7SC; 

Red 

Gray $13,(Jl; 

-1 

- . _ . Sa nd 

/ Peat - / 
/ 

No. I 12 
3---'1& 
~ Ho 25-S. 

==?!fl:J> __ gms. 
Vo 9Wo9 f,IDS 

AxJ.a.L otal. 

D 



STS C:ONSULTA.NTS �TD. 

FALLING/CONSTANT HEAD TESI' 

® 7.19 em A=40.5 em2 
lle: 16.19 em 
rap ofTube 

� r l.evel 
1112012004 

RlP 
27393E 

No. of 
No. ofBlows 
VoL ofWater Added . 
C.c) 

WL & soil Wnn b) 1067.2 
· WL 440.5 

WL of soil, W 626.7 
I 

No. · MW-<l2-5 
Ave. Water Conten� W (%) 582.2 
Moist FM 59.4 . j  I 

HamniCC Size 
. · FM (lb/ft1) 8.7 I I 

I 
. ·:rtlllt . H @  TotalWL ' 

Interval Start o[ H @  Tare + Weight of k 
Date Test Fmish. · Taie Water, em! sec. 

1 1 -20-04 . 5.0 5 1 .0 44.0 35.40 348.6 313.2 1.8 X 10·' 
5.0 44.0 40.0 35.40 279 243.6 1.9 X 10'2 

2.0 40.0 38.0 35.40 125.3 89.9 1.9 X w·• 

I ! 
I I 
I J 
I I 
I I 
I I 
I J 

1.9 X 10-2 I l 
I I 
I I 

Y:&cncnlii\I...WIFAI.LTE.-l.Xl.S I I 

l 

l 

l 

! 
[ 
I 

. I  

! 
. I 

. . 

: • • -7 _ _ : 

. $TS CONSULTANTS LTri� . 

r�LLINGicoNsioo H.EA._o '£.Esr 
1ilbe Diameter 7.19 c'm 

of 
· Distaru;e from Top of Tube 

to lower Watec Level 
Date 
Tech Name 

· Job No. 
No. 

· . 

Hammec Size 

T= · 

· .·Tim . H .@ 
lilterva! ·Start of 

-Date (inin:.) • Test 
1 1-20-04 3.0 54.0 . 

3.0 . 51.0 

4.0 48.0 . 

11-20-D<I 4.0 

A=40.S cm2 
15.87.·em 

11/2012004 
RlP 

273931;! 

MW-02-5 
O.S'-1.0' · 

H @ - . 
Fmish· 

51.0 
48.0 

44.5 

41.0 

· . . : ·. 

NO: of 
: No. ·of Blows 
. VoL of Water Added 

c.c) 

. WL & soil, Wrm(lb) 

· W lb)' 
Ave: Water Conten� W 

· Mbist FM (lb/ft1) 
. . 

% 

Total Wt> 
.··Tare+ Weight of 

Water, 

35.40 1993 163.9 
35.40 t8s·.7 

. 35.40 219 
.
. 1 . 183.7 

35.40 210.5 175.1 

'73 . D 

· 1089.3 

663.9 
471.0 

64.5 
1L3 

·k 
Cmfsec. 

1.1 x · w·• 
1.7 X 1d'2 

1.6 x· io·� : 

1.1 x 10·' 

1.7 X 10-2 

Y:&cna:U!ALW!fAI.l..TG-lXLS 

I 

ls.'mnle . 
locoth . 0.0'-0.5' 
I 

I.. 
Tune am/om (min.) 

11 -20-04 

I.avers 

Ir 
ofcvl n 
ofcvl W(lb) 

(lb) 

Densitv, fi b/ft1 \ 

Orv Deositv, ,a~, 
%Cnmnaction 

·w.,u,l!r: 

J 

Average 

I I ! 

I 

I 

1· 
l . 

I . 

.I 
_J 

I "La""" 
Lene:th Sample 

. ( 

ofcvl 
I· . WL of cvl W nbl °425.4 . . WL.ofsoil , ( 

Bnnn• (%) 

SanmleNo Density, 

Deotl1 Dnr Densitv. FM ta~, flb/lt1) 

Coinoaction 

am/om ~ Tare war~·"'· · gr. 

. 150.3 

.. . 44,5 

1 · 

· 1 

Average 



Tube Diameter . 
of 

· Distance. from Top of Tube 
· to Lowei Water Level 

Date 
Tech Name 

· Job No: 
· 

Hammer Size 

' 

Date 

11-20-04 

l l-20-04 

. ·.
· STS. CONSULTANTS LTD. 

. 
: � . . . . : . . ·. . . 

FALLING/CONSTANT HEAD TEST . . 
7, 19 em A=40.5 cm2 · · No. of 

23.5 em No. of Blows 
VoL ofWater Added · 
(c. c) 

1 1/20/2004 Wt of & soiL W rm (lb) 
. . RJP Wt (lb) 

27393E Wt. of soi1, W (lb) 
• Ave. Water Coriterit; W (%) 

MW.,02-22 Moist FM (lb/ft3) 

O.O'�LO' FM (lb/ft3) 
% 

Tune Tota1 Wt. 
Interval Start of H @  Tare + Wei�ht of 

Fmish Tare Water, Water, 

1.0 45.0 42.5 35.40 185.4 150 

LO 42.5 40.0 35.40 156�6 121.2 

1 .0 40.0 38.0 1 85.40 Jou ·· l l5.7 
- � ) ok:, .':J 

.·. 

. 1 590.2 
641.6 
948.6 
421.2 

62.0 

1 1 .9 . 

. .  

em/sec. 

3 .8 X w-2 

3.3 X w-2 

3.3 X 10-2 

-· 

. - .J 
3.5 X 10-2 

Y:gencniiALWIFALLTE-LXLS , - ..l 

I Layers 
Length Sarnnle 

cyl 
ofcyLW 

. BoringNo. 

SamnleNo. Density, 

Depth Ury Density, (dry) 
i Compaction· • I 

.. 
. H@ 

k 
Time am/pin (miIL) Test gr. gr. 

l I I I 
·I I I . 

I I I I 
I 

-

-

I 

Average 

j 
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CALCU LATION SHEET 

PROJECT JOB NO PAGE __ OF __ l 
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J 
.J 

7 

I 
_J 

_J 
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SAMPLE 

T-1 

T-3 

T-5 

T-6 

T-7 

T-8 

T-9 

T-10  

T-10A 

T-1 0B 

T-1 1 

T-12 

T-14 

T-15 

T-1 6  

T-17  

Table 1 
Compositional Analysis of Samples Collected in November 2005 

Kewaunee Marsh, Kewaunee, Wisconsin 

SOLIDS COMPOSITIONAL ANALYSIS (rng/kg) (DRY WEIGHT) 

VOLATILE 
0/� (%) TOC ARSENIC CALCIUM IRON PHOSPHORUS 

17.6 6 1 .3 630,000 2,500 92,000 6,400 830 

18.4 61 .3 380,000 900 33,000 5,300 680 

1 1 .7 61 .9 350,000 720 58,000 7,400 1 ,400 

1 9 .6 42.0 480,000 240 61,000 8,200 1 , 100 

31 . 1  26 .8  380,000 86 35,000 1 0,000 1,300 

14.0 75 .9 560,000 140 34,000 6,500 1,200 

14.4 79.1 640,000 660 22,000 5,000 1,300 

7.35 80.2 490,000 760 30,000 5,600 1 ,600 

8.64 83.1 510,000 590 26,000 4,600 2,100 

8 .86 82.7 430,000 850 38,000 6,700 1,700 

8 .29 53.5 290,000 670 87,000 1 6,000 2,600 

1 1 .3 60.6 340,000 570 25,000 5,700 2,200 

10.8 79 .3 450,000 1 1 0  24,000 6,100 1,900 

5.93 88.6 480,000 120 15,000 2,900 1 ,600 

13.5 70.9 460,000 490 44,000 8,500 980 

6.62 79 .9 410,000 520 24,000 4,900 1,400 
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Table 2 

Leaching and Compositional Arsenic Concentrations - November 2005 

SCREENING LEACHING TEST RESULTS 

COMPOSITIONAL 
TCLP SPLP - East 

As ARSENIC ARSENIC 
SAMPLE (mg/kg) pH (f.ig/Ll pH (f.! giL) 

Criteria 5,000 148 

T-1 2,500 5.54 1,720 7.46 806 

T-3 900 5 . 1 3  239 7.82 136 

T-5 720 5 .27 688 8.07 202 

T-6 240 5 . 1 3  947 7 . 62 479 

T-7 86 5.23 696 7.58 308 

T-8 140 5 . 02 384 7 . 1 7  1 81 

T-9 660 5 .01 1,090 7.24 769 

T-1 0  760 5.00 247 7.49 164 

T-lOA 590 4 . 99 374 7.48 204 

T-10B 850 5.01 831 7 .5 6  462 

T-1 1 670 5 . 03 584 7.39 1 64 

T-1 2  570 5 . 01 5 1 4  7.46 241 

T-1 4  1 1 0  4 .98 272 7.09 1 02 

120 4.96 203 6 .90 120 

T-1 6  490 5 . 1 7  801 7.89 99.2 

T-1 7  520 4.98 301 7 . 1 1  1 6 8  

Mod 5 .03 5 1 8  7 .79 221 

Site groundwater 
Notes: 

Leachate arsenic concentrations shown i n  f.ig/L. 

SPLP-Site = synthetic precipita tion leaching procedure using s i te groundwater. 

Footnote: 

<1> Above Limit of Detection, but below Limit of Quantitation (absolute value uncertain). 

Mod = moderately contaminated composite sample (T-3, -5, -6, -9, -10, -lOA, -lOB, -11, -12, -16, and -17). 

RMT, Inc. I Wisconsin Department of Naturnl Resources 
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7.51 

7.54 

7.55 

7 .59 

7.34 

7.40 

7.40 

7.49 

7.59 

7.56 

7.57 

7.56 

7.47 

7.50 

7.52 

7 .45 

7.52 

7.66 

SPLP - Site 

ARSENIC 

(ftg/U 
148 

562 

1 04 

125 

294 

248 

144 

493 

1 1 9 

233 

399 

128 

1 73 

66.5 

1 02 

75.3 

1 46 
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Table 4 
S ource Area Groundwater Concentrations - April 3, 2007 

LOCATION 

ARSENIC 
TRANSECT SITE (J.Lg/L) 

20 NW 82,000 

T(-1 )  0 44,000 

20 SE 1 1 8,000 

40 NW 1,140 

30 NW 100,000 

20 NW 122,000 

lO NW 640,000 
T1 

0 (MW04-10) 2,200,000* 

lO SE 46,000 

20 SE 22,000 

30 SE 14,800 

1-4' 5,400 

6-9' 3,600 

T2 0 1 1 -14' 5,600 

1 6-19' 4,600 

2 1-24' 5,200 

40 NW 38 

30 NW 94,000 

lO NW 1,160,000 

T4 0 1,300,000 

10 SE 660,000 

20 SE 340,000 

30 SE 78,000 

20 NW 680,000 

T5 0 560,000 

20 SE 86,000 

N. Slough 1,700 

Notes: 

1 .  Samples were collected using a Geoprobe<l>. 

CONCENTRATION 

CALCIUM IRON MAGNESIUM SODIUM 

(mg!L) (mg!L) (mg/L) (mg/L) 

180 1 .6 78 1 6  

1 70 1 . 1  97 1 4  

290 0.77 100  33 

130 0.46 50 11 
1 40 0.43 62 1 1  

140 0.28 59 8.3 

220 0.77 140 12  

470 0 .072 240 15 

130 0.54 57 8.5 

340 8.8 80 95 

1 10  0.21 50 13 

1 1 0  <0.025 65 66 

120 <0.025 66 64 

120 <0.025 67 63 

120 <0.025 67 60 

120 <0.025 66 55 

120 0 .82 30 12  

150 8 .9  36  1 4  

320 0 .093 140 12  

310 0.28 150 14  

190 0 .11 90 17  

180 0 .091  69 13 

120 <0.025 45 10  

240 0.041 90 1 1  

220 0.076 84 1 0  

120 <0.025 45 9 .1  

43 0 .14 18  9.2 

2. Arsenic analysis (except for MW04-10) was performed by Pace Laboratories; all other analyses were performed in the IUviT 

Applied Chemistry Laboratory. 
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Table 19 
Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Source Area 1 Pump and $280,000 A groundwater extraction well will be constructed in the source area, and groundwater will 

Dispose be pumped from the well and contained in batches on-site. The batches will be transported 

Off-Site off-site for disposal as a hazardous waste. 
• This scenario assumes that pumping of 42,000 gallons of water will remove the source 

area contamination. 
• This scenario assumes that the groundwater will be pumped into a 5,000 gallon holding 

tank, and each batch will be transported off-site by a tanker truck for disposal as a 

hazardous waste. 
. This scenario assumes that a pumping rate of 0.5 gpm can be sustained by the 

extraction well, and that a total run time of 80 days will be needed to capture the 42,000 

gallons of source area groundwater. The 80 days accounts for start-up time, and 

downtime in the pumping when the batch holding tank is full and awaiting disposal. 
• This scenario assumes that a propane generator will be used to power the pump and a 

control panel.  

• Operation and maintenance for this scenario includes a start-up and shakedown visit, 

and 6 site visits associated with transport and disposal of each batch of groundwater 

(tank full) .  

• Monitoring associated with this scenario includes sampling 3 groundwater monitoring 

wells for arsenic. The monitoring will be completed quarterly during the first year of 
operation, and semi-annually for the next 2 years. This scenario assumes that the 2-
years of groundwater monitoring will be sufficient to demonstrate successful 

remediation of the source area. 

Notes: 

® 1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 

2. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best jud gment value. This approach 
is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capi tal costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remedia tion of the area. 
5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDlAL COST ESTIMATES 

MEDlA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Source Area 2 Pump and Treat $640,000 A groundwater extraction well will be constructed in the source area, and groundwater will 
On-site be pumped from the well and treated in batches on-site. The treated groundwater will be 

discharged to the surface, and the residual solids will be transported off-site for disposal as 

a non-hazardous waste. 
• This scenario assumes that treatment of 42,000 gallons of water will remove the source 

area contamination. 

. The cost is based on treating the groundwater with 85 g/L ferric sulfate, 60 giL 

limestone, and 1 mL/L peroxide (30%). 
• The cost and feasibility is based on treating the groundwater in 1,000 gallon batches . 
. The cost assumes that the sol ids  can be dewatered with a filter press, and that 

approximately 60 tons of solids will be generated from the treatment process. 
• This scenario assumes that a pumping rate of 0 .5 gpm can be sustained by the 

extraction well, and that a total run time of 24 weeks will be needed to treat the 42,000 

gallons of source area groundwater. The 24 weeks accounts for start-up time, and 

assumes that at least two 1,000 gallon batches will be completed per week. 
• This scenario assumes that a propane generator will be used to power the pump, water 

treatment equipment, and a control panel. 

• Operation and maintenance for this scenario includes a start-up and shakedown visit, 

and 26 site visits associated with restarting the batch treatment (refilling the hoppers 

with treatment chemicals) after each 1,000-gallon batch is complete, and controlling the 

solids dewatering operation. 

Notes: 
1 .  All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 

2. The best judgment value is presented in the table. However, at  this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the si te to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Source Area 2 Pump and Treat $640,000 • Monitoring associated with this scenario includes sampling 3 groundwater monitoring 

(cont.) (cont.) On-site (cont.) wells for arsenic. The monitoring will be completed quarterly during the first year of 

operation, and semi-annually for the next 2 years. This scenario assumes that the 2-

years of groundwater monitoring will be sufficient to demonstrate successful 

remediation of the source area. The monitoring also includes Wisconsin Pollutant 

Discharge Elimination System (WPDES) sampling for the treated groundwater, and 

verification sampling of up to 20 samples for arsenic during the in-situ treatment. 

Source Area 3 In-situ $250,000 The railroad ballast and any other overburden soils in the source area will be excavated and 

Treatment stockpiled on-site to expose the saturated zone. Treatment chemicals will be mechanically 

mixed into the saturated source area with a backhoe to treat the groundwater in-situ. The 

railroad ballast and other overburden soils will be replaced following treatment, and the 

site restored to existing conditions. 
. This scenario assumes that treatment of 4 feet of saturated material in a 50 ft by 70 ft 

area (42,000 gallons of water) will remove the source area contamination . 
• The cost is based on treating the groundwater in-situ with 85 g/L ferric sulfate, 60 g/L 

l imestone, and 1 mL/L peroxide (30%). 

• The cost is based on mixing in the treatment chemical in-situ with construction 

equipment, such as a backhoe. 
• This cost assumes that the in-situ treatment and site restoration can be completed in 

two weeks, and that only one in-situ treatment will be necessary to achieve the clean-up 

criteria. 
. There are no operation and maintenance costs associated with this option . 

Notes: 
All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 
The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approacl1 

is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Source Area 3 In-situ $250,000 • Monitoring associated with this scenario includes sampling 3 groundwater monitoring 

(cont.) (cont.) Treatment wells for arsenic. The monitoring will be completed quarterly during the first year of 

(cont.) operation, and semi-annually for the next 2 years. This scenario assumes that the 2-

years of groundwater monitoring will be sufficient to demonstrate successful 

remediation of the source area. 

Marsh Soil 1 Excavation $2,990,000 The top 2 feet or marsh soil exceeding the soil clean-up criteria (including the marsh 

(and surface Large Area material under the cap) will be excavated and disposed off-site as non-hazardous waste. 

water runoff) + Source Area . The cost is based on excavating the top 2 feet marsh material over 470,400 sf (10.8 
Scenarios 1, 2, acres). This equates to approximately 67,500 tons of marsh material. 

or 3 • The cost assumes that the cap will be excavated and stockpiled on-site, and will be 

replaced as general fill over the site following the excavation of the marsh sediment. 
. The cost assumes that stabilized haul roads will be constructed in the marsh to provide 

access to the site for excavation. 
• The cost assumes that the marsh sediment can be disposed as non-hazardous waste . 
. The excavated marsh sediment will require dewatering on-site prior to disposal, and 

erosion control at the site will be necessary. 
• The cost does not include backfilling the excavated area, or wetlands restoration . 
• The cost assumes that the site preparation, excavation, and restoration, can be 

completed in two months. 

• There are no operation and maintenance costs associated with this option . 
. Monitoring associated with this scenario includes collecting 50 confirmation samples 

from the base of the excavation for arsenic analysis. The monitoring will be completed 

during the excavation. 

Notes: 
1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 

2. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +SO percent of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and moni toring costs. The total cost for each option is based on the option completed as a stand alone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the o ther Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Marsh Soil 2 Excavation $1,680,000 The top two feet or marsh soil exceeding the soil clean-up criteria outside the capped area 

Small Area will be excavated and disposed off-site as non-hazardous waste. 

+ Source Area . The cost is based on excavating the top 2 feet marsh material over 315,000 sf (7.3 acres) . 
Scenarios 1, 2, This equates to approximately 37,500 tons of marsh material. This area is conservative, 

or 3 and could likely be reduced to more discrete areas based on additional soil sampling 
+ Slough Water prior to the excavation. 

Scenarios 1 or • The cost assumes that the cap and material below the cap will be left in place . 
2 . The cost assumes that the marsh sediment can be disposed as non-hazardous waste . 

. The cost assumes that stabi lized haul roads will be constructed in the marsh to provide 

access to the site for excavation. 

. The excavated marsh soil will require dewatering on-site prior to disposal, and erosion 

control at the site will be necessary. 

. The cost does not include backfilling the excavated area, or wetlands restoration . 

. The cost assumes that the site preparation, excavation, and restoration, can be 

completed in two months. 

• There are no operation and maintenance costs associated with this option . 

• Monitoring associated with this scenario  includes collecting 30 confirmation samples 

from the base of the excavation for arsenic analysis. The monitoring will be completed 

during the excavation. 

Marsh Soil 3 B ioreduction $610,000 B ioreduction is broken into a test plot portion and a full scale appl ication which are 

(Total) summarized below. 

©Notes: 

1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are mcluded m Appendix E of th1s report. 

2. The best judgmen t value is presented in the table. However, at thls level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the speci£-ic option would be used with the other Scenarios to provide comprehensive remediation of the area . 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Marsh Soil 3A Bioreduction $80,000 Small test plots would be constructed outside the capped area to evaluate the performance 
Test Plots of di fferent bioreductants in reducing the arsenic concentrations in the field. These test 

(to be used in plots would be used to develop a workplan for implementing the full scale bioreduction 
development of option in the field. 

Scenario 3B) • The cost is based constructing five 10 ft x 10 ft test plots using general manual labor (no 
large construction equipment). 

. The scenario assumes that bioreductants such as lactate, molasses, whey, or manure 
will be evaluated in the test plots . 

. The cost assumes that the construction and performance monitoring for the test plots 

can be completed in six months. 
• There are no operation and maintenance costs associated with this op tion . 
. Monitoring associated with this scenario includes collecting 10  samples from each test 

plot for arsenic analysis. Baseline samples will be collected from the 1 0  locations within 

each plot prior to the application of the bioreductant, and monthly sampling will be 

completed for 5 months following the application of the bioreductant. 

Notes: 
1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 

2. The best judgment value is presented in the table. However, at this level o( cost estimating, the range in cost may vary (rom -30 percent to +50 percent of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evalua lion to bring the site to closure. 

1: \ WPMSN\ P)T\00-Q7201 \05\ T000720105-QOJ.DOC 08/09/07 Page 6 of 11 



Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA S CENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Marsh Soil 3B Bioreduction $530,000 The same area targeted for excavation under Scenario 2 will be treated with a bioreductant 

Full Scale to enhance the reduction of arsenic in the field. The specific bioreductant and field 

+ Source Area application approach will be based on the results of the test plot study (Scenario 3A). 

Scenarios 1, 2, . The cost is based on treating marsh material over 315,000 sf (7.3 acres). This area is 
or 3 conservative, and could likely be reduced to more discrete areas based on additional 

+ Slough Water soil sampling prior to the excavation. 
Scenarios 1 or • The cost is based on using lactate as the bioreductant, and applying sufficient quantity 

2 of lactate to the site to penetrated approximately 1 foot of soil to a concentration of 7,500 

mg/L. The use of lactate as the bioreductant is conservative, and the specific 

bioreductant and concentration will be selected based on the results of the test plot 

studies. 

• The bioreductant solution will be applied using an irrigation-like system, and the water 

for the creating the solution will be obtained from the Kewaunee River. 

. The cost assumes that the irrigation system will operate for approximately one month 

and that only one application of the bioreductant will be required. The irrigation 

system will be rented, and removed from the site following the application. 

• The cost assumes that stabilized haul roads will be constructed in the marsh to provide 

access to the site. 

• Operation and maintenance for this scenario include annual clearing of the cattails and 

p lacement of the cut cattails across the treatment area to enhance the anaerobic 

conditions. The operation and maintenance will be completed for 5 years following the 

application of the bioreductant. 

1 .  All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 
opinion of probable cost are included in Appendix E of this report. 

2. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach � is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Marsh Soil 3B Bioreduction $530,000 • Monitoring associated with this scenario includes collecting 30 samples across the 

(cont.) (cont.) Full Scale treatment area for arsenic analysis. One baseline monitoring event will be completed 

+ Source Area prior to the application of the bioreductant, and semi-annual sampling will be 
Scenarios 1, 2, completed at the same 30 locations for 5 years. The sample locations will be identified 

or 3 and replicated using a CPS unit. This scenario assumes that the 5-years of sediment 
+ Slough Water monitoring will be sufficient to demonstrate successful remediation of the marsh area. 

Scenarios 1 or 
2 (cont.) 

Slough Water 1 Impermeable $410,000 An impermeable barrier would be constructed along the fence line at the site to prevent 
barrier surface water runoff from reaching the Kewaunee river. 

+ Source Area . The scenario assumes that the barrier will be constructed along the fence route, and 
Scenarios 1, 2, span approximately 2,000 feet, extend 3 feet below ground surface, and extend 

or 3 approximately 2 feet above the surface. 
+ Marsh Area • The cost assumes that the impermeable barrier will be constructed of 1/4-inch 
Scenarios 2 or polyethylene material. 

3 • The scenario assumes that the barrier will effectively restrict the flow of surface water 

off the site, and that the trapped water wil l  infil trate back into the marsh such that 

additional management of the surface water will not be required. 

• This scenario assumes that the barrier will be constructed during the winter to allow 

access to the site and improved construction conditions. 

. The cost assumes that the barrier will be left in place after the site remediation is 

complete. 

Notes: 
1 .  All costs based o n  preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Ap pendix E of this report. 
2. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 

4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include moni toring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Slough Water 1 Impermeable $410,000 . Operation and maintenance for this scenario include semi-annual site visits to evaluate 

(cont.) (cont.) barrier the integrity of the barrier. The operation and maintenance will be completed for 5 

+ Source Area years following the completion of one of the Marsh Soil Remediation scenarios. If this 

Scenarios 1, 2, option is used as a stand alone alternative (without treating the marsh sediment) the 

or 3 operation and maintenance would extend indefinitely, and the cost of the alternative 

+ Marsh Area would increase by a factor of 4 to 5. 

Scenarios 2 or • Monitoring associated with this scenario includes semi-annual collection of surface 
3 (cont.) water from the two slough areas on the site for arsenic analysis. The monitoring will be 

completed for 5 years following the completion of one of the Marsh Sol Remediation 

scenarios. If this option is used as a stand alone alternative (without treating the marsh 

soil) the monitoring would extend indefinitely, and the cost of the alternative would 

increase by a factor of 4 to 5 .  

Notes: 
1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

_ opinion of probable cost are included in Appendix E of this report. � 2. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percen t to +50 percent of the best judgment value. This approach 
is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

al ternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

IMPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Slough Water 2 Collection and $730,000 Surface water run-off would be collected from the two sloughs and pumped to a staging 

On-site area near the railroad tracks to be treated on-site. The treated water would be discharged to 
Treatment the surface, and the residual solids would be disposed off-site as non-hazardous waste. 

+ Source Area • This scenario assumes only 10,000 gallons of runoff water will be captured per flow 
Scenarios 1, 2, event at the site. Any additional flow volume would be discharged to the Kewaunee 

or 3 river. This flow volume equates to an average sustained flow rate for 0.7 gpm from the 
+ Marsh Area two sloughs for 10 days, or a 10 gpm surge in the two sloughs over 16 hours. 
Scenarios 2 or • The scenario includes the construction of an outlet structure around each slough outlet 

3 to create surface water capture zones, and to allow overflow during high flow events. 
• The scenario includes construction of above grade plumbing to connect the surface 

water capture zones around the sloughs to a on-site treatment staging area near the 
railroad. The staging area will include four 2,500 gallon equalization tanks and the 
water treatment equipment. 

Notes: 
1. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 
2. The best judgment value is p resented in the table. However, at  this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remedia tion costs. 

3. Costs are rounded to the nearest ten thousand dollar. 
4. Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and moni toring costs. The total cost for each option is based on the option completed as a standalone 

al ternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

5. Costs do not include monitoring and evaluation to bring the site to closure. 
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Table 19 (continued) 

Summary of Conceptual Estimated Costs 

WDNR - Kewaunee Marsh Remediation - Kewaunee, Wisconsin 

CONCEPTUAL 

I MPACTED REMEDIAL COST ESTIMATES 

MEDIA SCENARIO OPTION BEST JUDGMENT ASSUMPTIONS 

Slough Water 2 Collection and $730,000 . The cost is based on treating the groundwater with 0.056 g/L ferric sulfate, and 0.5 g/L 

(cont.) (cont.) On-site limestone. 

Treatment • The cost assumes that the solids can be dewatered with bag filters, and that 
+ Source Area approximately 2 tons of solids will be generated per year from the treatment process. 
Scenarios 1, 2, . This scenario assumes that a propane generator will be used to power the pumps, water 

or 3 treatment equipment, and a control panel. 
+ Marsh Area • The cost assumes that the above grade all equipment and facilities will be 
Scenarios 2 or 

decommissioned at the end of the slough water treatment. 
3 (cont.) 

• Operation and maintenance for this scenario includes seven visits per year to evaluate 

the operation of the water treatment system. The operation and maintenance will be 
completed for 5 years following the completion of one of the Marsh Soil Remediation 

scenarios. If this option is used as a stand alone alternative (without treating the marsh 

soil) the operation and maintenance would extend indefinitely, and the cost of the 

alternative would increase by a factor of 2 to 3. 

• Monitoring associated with this scenario includes semi-annual collection of surface 

water from the two slough areas on the site for arsenic analysis. The monitoring will be 

completed for 5 years following the completion of one of the Marsh Soil Remediation 
scenarios. If this option is used as a stand alone alternative (without treating the marsh 

soil) the monitoring would extend indefini tely, and the cost of the alternative would 

increase by a factor of 2 to 3. The monitoring also includes Wisconsin Pollutant 

Discharge Elimination System (WPDES) sampling for the treated groundwater. 

@ No"' 

� 1 .  

2.  

3. 
4. 

5. 

All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix E of this report. 
The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

Costs are rounded to the nearest ten thousand dollar. 
Total costs include direct and indirect capital costs, and present worth costs of the annual O&M and monitoring costs. The total cost for each option is based on the option completed as a standalone 

alternative. However, additional Scenarios are listed under each option to clarify how the specific option would be used with the other Scenarios to provide comprehensive remediation of the area. 

Costs do not include monitoring and evaluation to bring the site to closure. 
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IMPACTED 
MEDIA SCENARIO 

Source Area 1 
2 

3 

Marsh Soil + 

Slough Water 

Marsh Soil 2 

3 

A 

B 

+ Slough 1 

Water 

2 

Notes: 

Table 20 

Comparative Summary of Conceptual Estimated Costs Presented <Il 
WDNR - Kewaunee Marsh Remediation 

BEST JUDGMENT 

REMEDIATION CONCEPTUAL COST ESTIMATES 

TOTAL COST ANNUAL COSTS 

REMEDIAL OPTION PRESENT WORTH(2l YEAR 1 COSTS(3l O&M MONITORING 

Pump and Dispose Off-site $280,000 $230,000 -- $30,000 

Pump and Treat On-Site $640,000 $590,000 - - $30,000 

In situ Treatment $250,000 $200,000 -- $30,000 

Excavation (large area) $2,990,000 $2,990,000 -- --

Excavation (small area) $1,680,000 $1,680,000 -- --

Bioreduction Total $610,000 $370,000 $20,000 $30,000 

Test Plots $80,000 $80,000 -- --

Fullscale $530,000 $290,000 $20,000 $30,000 

Impermeable Barrier $410,000 $290,000 $15,000 $15,000 

Collection and Treatment On- $730,000 $410,000 $55,000 $20,000 
Site 

DURATION 

2 years 

2 years 

2 years 

--

--

5 years 

--

5 years 

5 years 

5 years 

(1 ) This table is a summary of information presented in Table 19, and is not intended to be used as a standalone document. This summary is compiled for comparative purposes only. Important 
descriptions, assumptions and uncertainties are discussed in Table 19, which must be read to correctly use this cost information. 

(2) The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This 

approach is consistent with USEPA guidance on feasibility study level estimating of remediation costs. Costs rounded up to the nearest $10,000; total costs include year 1 costs, and present 

worth costs of the annual O&M and monitoring. 
(3) Year 1 costs include direct and indirect capital costs, as well as the first year O&M and monitoring costs. 
(4) Costs do not include moni toring and evaluation to bring the site to closure. 
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Sample iD AC # 
0512 

T-1 017 

T-3 018 

T-5 019 

T-6 020 
.. ·. 

T-7 021 l'.l • 

T-8 022 

T-9 023 

T-10 024 

T-lOA 025 

T-10B 026 

T-11 027 

T-12 028 

T-14 029 

T-15 030 

T-16 031 

T-17 032 

Kewaunee Marsh Project 
Sample Description, May 2006 

Samples have been stored at 4°C since Nov 2005 

XRF As RMT Analysis, mg/kg PACE Analysis, mg/kg 
(Nov 2005) (June 2006) 

580 1 900 2500 

170 400 900 

50 520 720 

40 70 240 

<30 13 86 

35 95 140 

200 1 100 660 

125 370 760 

60 550 590 

140 430 850 

54 220 670 

27 1 90 570 

40 44 1 1 0  

47 93 1 20 

50 550 490 

65 380 520 

@ ;)7. 
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Kewaunee Marsh 
Ground and Surface Water Quality Results: Marsh 1 6, 2010�- ' 

Location Dissolved Arsenic Concentration, f.lg/L 
Ground Water Samples (Temporary Geoprobe wells under bike track) 

B1D 415,000 
B3D 578,000 

Surface Water 
Surface West (West of path) 713 
Surface East (West of path) 379 

North Slough 887 
South Slough 438 

. 

Surface Pond (north of fence) 30.1 

Samples collected by Annette Weissbach, WDNR and Bob Stanforth, RMT, Inc on March 16, 
2010. Analysis by Pace Laboratories. 

G: \ WDNR KEWAUNEE\ FIELD TRIALS\ 2010\ WATER QUALITY RESULTS MARCH 16 2010.DOCX 4/26/20 
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Table 2 
Remedial Options Analysis 

WDN R - Kewaunee Marsh Hot Spot Remediation - Kewaunee, Wisconsin 

1 a. In Situ 
Treatment 
(1 1 ,000 cy) 

1 b. In Situ 
Treatment 
(3,000 cy) 

Notes: 

$ 1 ,430,000 6 to 8 weeks 

$780,000 4 to 5 weeks 

• Low cost and short 
remediation time 

• Least amount of 
disturbance to 
surface of bike path 
(i.e. least amount of 
truck traffic) 

• Perception of not 
"relocating" the 
problem 

• 

• 

• 

Lowest cost and least 
time 
Takes advantage of 
the natural 
attenuation of arsenic 
Others same as 
above 

• Treated material left 
below water table 

• Uncertainty with long
term stability in 
saturated reducing 
environment 

• Long-term 
performance 
monitoring required to 
evaluate and confirm 
stability over time 

• Public perception of 
leaving material on 
site 

• 

• 

Same as above 
Assumes that natural 
attenuation wil l  
continue 

Remedy Description: 

The "hot spot" material wil l  be treated in situ to render the material non-hazardous for arsenic and achieve the site specific clean 
up criteria. The treatment chemicals will be mechanically mixed into the saturated hot spot material with a backhoe and loader. 
The treated material will be left in place, and covered with either vegetation or ballast material. Following remediation, the bike 
path and fence wil l  be restored to existing conditions. 
• The treatment cost is based on applying 300 tons (21 g/kgsoil) ferric siJ ifate, 200 tons (1 5g/ kgsoil) limestone, and 1 ,800 

gal lons (6.25 m UkgsoH) hydrogen peroxide (30%) to the hot spot material. The chemical doses for treating the material are 
on the basis that the material must be treated to achieve the site specific cleanup criteria. (Additional testing could be used 
to refine these doses.) 

• Following treatment 600 tons (50g/kgsoil) of bentonite (5%) wil l  be mixed into the treated material, to reduce the permeability. 
• The in situ work will be targeted for the late fall and winter months to provide a more stable work surface on the marsh, and 

swamp mats will be used to provide a stable work surface. 
• The mixing wil l  be accomplished with an excavator, dozer, and loader. The treatment area will be divided into smaller 

accessible areas, and mixing would occur sequentially in  each subdivided area in 3 to 5 ft lifts. Treated material wil l  be 
removed and temporarily stockpiled to al low access to the deeper material .  All treated material will be replaced into the area 
from which is was removed. 

• A 6-inch layer of top soil or similar organic soil will be placed over the treated marsh material and seeded to restore 
vegetation so as to reduce erosion and p rovide a vegetative barrier. 

• The unsaturated bal last material (upper 4 to 5 feet) will be segregated from the treated material and stockpiled on-site. 
Following treatment of the saturated material, the untreated, u nsaturated ballast soils will be used as backfill to restore the 
ballast to g rade. 

• The bike path wil l  be restored and the fence replaced to existing con�itions. 
Performance Monitoring - 20 years 

A total of 20 years of monitoring are assumed in order to confirm the long term chemical stability of the treated material. 
• Construct 3 wells within the treated area and 1 well downgradient froin the treated material. Each well will be set to a depth 

of 7 feet below grade. 
• Monitor water level and collect g roundwater samples for arsenic, pH, su lfate, calcium, and iron 
• Complete semi-annual monitoring for the first year, and annual  monitoring thereafter up to 20 years. 

Remedy Description:  
-

Same as above, only with smaller quantities: 
• 70 tons (21 g/kgsoil) ferric sulfate, 60 tons (1 5g/ kgsoil) limestone, and 480 gallons (6.25 mUkgsoil) hydrogen peroxide (30%}, 

and 1 60 tons bentonite. 
Performance Monitoring - 20 years 
• Same as above only with 2 wells in smaller treatment area and 1 we!l downgradient from the treated material .  

1 .  The "hot spot" area is defined at material with compositional arsenic concentrations greater than 1 ,000 mglkg. This concentration correlates to levels that have the potential to be hazardous for arsenic. : 

The hot spot area is shown on Figure 2, and includes approximately 1 1 ,000 cy or 1 1 ,900 tons of material. In the case of treatment option 1 b, the "hot spot" is defined at material with compositional arsenic concentrations greater than 2,000mglkg. 

This concentration correlates to levels that will still have the potential to be hazardous for arsenic in 4 to 5 years, assuming natural attenuation reduces the concentration to be below 1 ,000 mglkg in that time. 
The future hot spot area is shown on Figure 2, and includes approximately 3,000 cy or 3,200 tons of material 

2. All monitoring costs are strictly for evaluating the performance of the hot spot remediation, and do not include monitoring and evaluations for the entire marsh area, or bringing the site to closure. 
3. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix F of this report. 
4. A field trial is recommended to determine the specific means and methods for construction/implementation in this unique setting. 
5. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 
6. Costs are rounded to two significant digits. Total costs include direct and indirect capital costs, and present worth costs of the monitoring. 
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3. In Situ 
Treatment, 
with Off-Site 
Disposal 

$2,900,000 1 3  to 1 5  weeks • 

• 

• 

• 

• 

Treated material will 
be kept in a 
controlled and 
monitored location 
(solid waste landfill) 
Removes bulk of 
source material 
Highest confidence in 
long-terrn 
effectiveness. (i.e. 
eliminates long-term 
stability concern for 
saturated reducing 
conditions at the 
marsh) 
Public perception 
may be improved for 
removing the hot spot 
material from the site 
Least amount of 
performance 
monitoring 

Table 2 (continued) 
Remedial Options Analysis 

WDNR - Kewaunee Marsh Hot Spot Remediation - Kewaunee, Wisconsin 

• 

• 

• 

• 

• 

Highest cost 
Some uncertainty with 
dewatering 
Perception of 
"relocating" the 
problem 
Significant closure 
time to bike path 
Significant a mount of 
truck traffic and 
disturbance to the bike 
path 

Remedy Description: 

Th·3 "hot spot" material will be treated using the same approach described for in situ treatment. However, for this option, the 
treated material will be excavated, dewatered, and transported off site for disposal at a solid waste landfill. The marsh 
excavation will be backfilled with organic soil from an .off-site source, and the ballast excavation will backfilled with imported 
g ranu lar material. Following remediation, the bike path and fence will be restored to existing conditions. 
• The treatment cost is based on applying 200 tons (1 0.5 g/kgsoil ) ferric sulfate, 1 00 tons (7.5g/ kg sou) limestone, and no 

hydrogen peroxide to the hot spot material. The chemical doses selected for treating the material are on the basis that the 
material must be treated to render it non-hazardous for disposal purposes. 

• The treatment process will be the same as described for in situ treatment. 
• The treated material will be excavated and stockpiled on-site. The material will be dewatered by adding magnesium sulfate 

to the material to absorb any residual free liquids. The material must be dewatered to contain no free liquids for landfill 
acceptance. 

• Cost assume that the excavated material will be transported to Hickory Meadow landfill in H ilbert, Wisconsin (55 miles from 
the site), and will be d isposed under the State's waste disposal contract with Veolia. 

• The marsh excavation would be backfilled with approximately 1 0,500 cy of organic material, and seeded to restore 
vegetative cover. 

• The ballast area would be backfilled with approximately 800 cy of granu lar material. Approximately 450 cy of backfi ll will 
come from an off.:site source. The other 350 cy will come from unsa�urated ballast material (upper 4 to 5 feet) that is 
segregate and stockpiled on site as was described for the in situ treatment process. 

• The bike path wil l  be restored and the fence replaced to existing conditions. 
Performance Monitoring - 5 years 

A 1otal of 5 years of performance monitoring are assumed for the hot spot area 
• Construct 3 wells within the limits of the excavated area. 1 
• Monitor water level and col lect groundwater samples for arsenic and :pH . 
• Complete semi-annual monitoring for the first year, and annual monitoring thereafter up to 5years 

Notes: 
1 .  The "hot spot" area is defined at material with compositional arsenic concentrations greater than 1 ,000 mg/kg. This concentration correlates to levels that have the potential to be hazardous for arsenic. 

The hot spot area is shown on Figure 2, and includes approximately 1 1 ,000 cy or 1 1 ,900 tons of material. In the case of treatment option 1 b, the "hot spot" is defined at material with compositional arsenic concentrations greater than 2,000mg/kg. 
This concentration correlates to levels that will still have the potential to be hazardous for arsenic in 4 to 5 years, assuming natural attenuation reduces the concentration to be below 1 ,000 mg/kg in that time. 
The future hot spot area is shown on Figure 2, and includes approximately 3,000 cy or 3,200 tons of material 

2. All monitoring costs are strictly for evaluating the performance of the hot spot remediation, and do not include monitoring and evaluations for the entim marsh area, or bringing the site to closure. 
3. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estim.>ting spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix F of this report. 
4. A field trial is recommended to determine the specific means and methods for construction/implementation in this unique setting. 
5. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percnnt of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 
6. Costs are rounded to two significant digits. Total costs include direct and indirect capital costs, and present worth costs of the monitoring. 
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2. In Situ 
Treatment 
with On-site 
Containment 
in 
Unsaturated 
Zone 

$2,650,000 1 8  to 20 weeks • 

• 

• 

• 

Treated material set 
above the 
groundwater table 
Higher confidence in 
chemical stability of 
treated material when 
kept unsaturated 
Perception of not 
" relocating" the 
problem 
Less costly than 
transporting and 
disposing off site at a 
solid waste landfill 

Table 2 (continued) 
Remedial Options Analysis 

WDN R - Kewaunee Marsh Hot Spot Remediation - Kewaunee, Wisconsin 

• 

• 

• 

• 

• 

• 

• 

• 

Cannot g uarantee the 
material will remain 
unsaturated over the 
long-term (material 
may settle below 
water table or water 
table may rise) 
Requires long-term 
maintenance and 
inspection of 
contained material 
Long-term monitoring 
still required 
May alter the natural 
attenuation process 
that is on-going in the 
capped area 
Alters the existing 
topography, and may 
be more noticeable to 
the public 
Public perception of 
leaving material on 
site 
Significant closure 
time to bike path 
Significant amount of 
truck traffic and 
disturbance to the bike 
path 

Remedy Description: 

The "hot spot" material will be treated using the same approach described for in situ treatment. However, for this option ,  the 
treated material will be excavated and placed on the unsaturated capped area of the marsh The marsh excavation will be 
backfilled with organic soil from an off-site source, and the ballast excavation will backfilled with g ranular material. Following 
remediation, the bike path and fence will be restored to existing conditions. 
• 

• 

• 

• 

• 

• 

• 

• 

Same chemistry, treatment/construction process, and basis for the chemical doses as described for in situ treatment 
The treated material will be excavated and placed on top of the "capped" area that is outside the hot spot area, and above 
the current water table. The treated soil would be graded across an �rea approximately 1 80' x 500 'and would extend 
approximately 3 to 4 feet above the existing g rade. 
The material will dewater in place on the u ns-aturated capped area. The water that drains off the material will not require 
additional treatment. 
The treated material would be covered with a 6-inch layer of top soil and seeded to restore vegetation so as to reduce 
erosion and provide a vegetative barrier. 
The marsh excavation would be backfilled with approximately 1 0,500 cy of organic material, and seeded to restore 
vegetative cover. 
The ballast area would be backfilled with approximately 800 cy of granular material. Approximately 450 cy of backfill will 
come from an off-site source. The other 350 cy will come from unsaturated ballast material (upper 4 to 5 feet) that is 
segregate and stockpiled on site as was described for the in situ treatment process. 
The bike path will be restored and the fence replaced to existing conditions . 
This cost assumes that the stabilization, on-site containment, and site restoration can be completed in1 8  to 20 weeks . 

Performance Monitoring - 5 and 20 years 

A total of 5 years of performance monitoring are assumed for the hot spot area, and a total of 20 years of monitoring are 
assumed to confirm the long term chemical and structural stability of the treated material that is left on site. 
Hot Spot Area (5 yrs) 

• Construct 3 wells within the limits of the excavated area. 
• Monitor water level and collect groundwater samples for arsenic and pH.  
• Complete semi-annual monitoring for the first year, and annual monitoring thereafter u p  to 5years. 
Treated Material (20 yrs) 
• Construct 2 wells within the mound of treated material. 
• Monitor water level and collect groundwater samples for arsenic, pH, su lfate, calcium, and iron 
• Complete semi-annual monitoring for the first year, and annual monitoring thereafter up to 20 years 
• Inspect the treated material for settling and erosion during each monitoring event. Cost assume that the treated material will 

require reg rading/repair one time over the 20 year evaluation period , 

Notes: 
1 .  The "hot spot" area is defined at material with compositional arsenic concentrations greater than 1 ,000 mg!kg. This concentration correlates to levels that have the potential to be hazardous for arsenic. _ 

The hot spot area is shown on Figure 2, and includes approximately 1 1 ,000 cy or 1 1 ,900 tons of material. In the case of treatment option 1 b, the "hot spot" is defined at material with compositional arsenic concentrations greater than 2,000mglkg. 
This concentration correlates to levels that will still have the potential to be hazardous for arsenic in 4 to 5 years, assuming natural attenuation reduces the concentration to be below 1 ,000 mglkg in that time. 
The future hot spot area is shown on Figure 2, and includes approximately 3,000 cy or 3,200 tons of material 

2. All monitoring costs are strictly for evaluating the performance of the hot spot remediation, and do not include monitoring and evaluations for the entire marsh area, or bringing the site to closure. 
3. All costs based on preliminary concepts. They are intended for remedial option comparison and not for budgetary purposes. The detailed cost estimating spreadsheets that provide a basis for the 

opinion of probable cost are included in Appendix F of this report. 
4. A field trial is recommended to determine the specific means and methods for construction/implementation in this unique setting. 
5. The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best judgment value. This approach 

is consistent with US EPA guidance on feasibility study level estimating of remediation costs. 
6. Costs are rounded to two significant digits. Total costs include direct and indirect capital costs, and present worth costs of the monitoring. @ 7. 
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1 a  In Situ Treatment ( 1 1 , 000 cy) 

1 b  In Situ Treatment (3,000 cy) 

2 In Situ Treatment with 
On-site Containment 

3 In Situ Treatment with 
Off-site Disposal 

Footnotes: 

Table 3 
Comparative Summary of Remedial Options Estimated Costs(1l 

WDNR - Kewaunee Marsh Hot Spot Remediation 

$1 ,430,000 $1 , 250,000 $0 

$780,000 $600,000 $0 

$2,650,000 $2,400,000 $40, 000 
(once - yr 1 0) 

$2,900,000 $2,850,000 $0 

$ 1 80,000 

$ 1 80,000 

$21 0 ,000 

$50,000 

<1> This table is a summary of information presented in Table 2, and is not intended to be used as a stand alone document. This summary is compiled for comparative 
purposes only. Important descriptions, assumptions and uncertainties are discussed in Table 2. 

<2l The best judgment value is presented in the table. However, at this level of cost estimating, the range in cost may vary from -30 percent to +50 percent of the best 
judgment value. This approach is consistent with USEPA guidance on feasibility study level estimating of remediation costs. 

<3l Year 1 costs include direct and indirect capital costs, as well as the first year O&M and mon itoring costs. 
<4l Costs do not include total site monitoring and evaluation to bring the site to closure. 

20 years 

20 years 

20 years 

5 years 
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Remediation Laboratory Summary Memos 
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Date: May 5, 2010 

To: Technica l  File 

From: Bob Stanforth 

Proj ect No.: 02085.23.009 

Technical Me1norandum 

Subj ect: Comparison of DI Water and Screening TCLP Leaching Test Results for 

Kew aunee Sediments 

Introduction 
The focus of leaching studies for the Kewaunee soils h as been predominantly using dis tilled water 

leaching tests (using the SPLP procedure but with DI water), or modifications thereof with different 

solids concentrations. Less work has been done using screening TCLP testsl, since the focus has not been 

on whether the sediments a re h azardous, but rather on the potential for contributing dissolved arsenic to 

the marsh. However, one approach to delineating the "hot-spot" area requiring treatment would be to 

determine t11 e areas of the marsh tha t  leach arsenic at over 5 mg/L in a TCLP test, and would be 

considered hazardous were they to be removed. 

Compositional analysis and screening TCLP and DI Water tests have been run on a number of composite 

sediments from the two recent Geoprobe investiga tions on the site (in December 2009, and Marsh 2010). 

These results can be used for two pu rposes: first to compare Dl W ater and TCLP results and see i f  the Dl 

Water test (at 2 g/40 mL) can be u sed as a surrogate for the TCLP test, and second, to compare leaching 

test concentrations (TCLP or DI W a ter) with the compositional values. 

Resu lts 

Compositional and leaching test resul ts for the different composites are given in Table 1 .  

Table 1 

8.4 1 3  

U n d er ballast 1 , 500 1 1  1 1  

Peat in Marsh 2 ,600 24 1 8  

O rganic Si l t  i n  marsh 550 3 . 1  2 . 5  

1 The screening tests follow the standard USEP A pro tocol s (TCLP-SW 846 Method 131 1 and SPLP-SW 846 
Method 1 31 2), with the exceptions thal lhe leach ing solu tion is ana lyzed directly after acidification, and smaller 
qu<Jntities of sol id and leaching solution me used, while still maintaining the 1 :20 solid to solution ratio. Previous 

tests have shown that the screening tests correlate wel l  with standard leaching test results. 

Ballast 1,400 

Peat 
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Techni cal Memorandum 

Table 1 
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. --. \ :  \ : ARSENIC CONCENTRATION · ' .. 

: <\ ' . i � ;,:. :�A�PLk •\•: : •• • • ·  : : < : ·: :_ COMPOSITIONALi':mg/kgi: •. < c SCREENING TCLP/mgfL·--·-- <. i <DJ �WATER,· mgtL<!! 

>1 0,000 mg/kg 8900 94 99 
-5, 000 mg/kg 4550 38 42 
2 ,000 - 4,000 mg/kg 2950 22 1 6  
1 , 000 - 2 ,000 mg/kg 1 200 3 .0 2 .8  
500 - 1 ,0 00 mg/kg 920 3.6 1 . 7 

250 - 500 mg/kg 440 0 .26 0 1 8  
Note: 
Cll 2 g/40 ml sample. 

Comparison of TCLP and Dl Water Leaching Test Results 
A comparison of the two leaching test  results, using the same solid/solution ratio (2 g/40 mL) is  given in 

Figure 1 .  
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Figure 1 
Comparison of Dl Water Leach i n g  Test Arsenic Concentrations 

With TCLP Arsenic Concentrations for Composite Kewaunee Sampl es 
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Technical Memorandum 

The two leaching tests give very similar arsenic concentrations, indica t ing tha t  the OJ w ater leaching test 

(at the correct solids concentration) gives a good in dication of the expected TCLP test arsenic 

concentration. 

A second comparison can be made between the compositional arsenic concentration and the leaching 

test concentration, as shown in Figure 2. 

Figure 2 
Comparison Between Compositional and TCLP and Dl Water Test Leachable Arsenic Concentrations 
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There is  a good correlation between the compositional levels of arsenic in the samples and the leachable 

concentrations, in either the TCLP or OJ water tests. Increasing com positional  levels of arsenic increase 

the a mount leached in the TCLP or OI Water tests. However, for both tests, the lines d o  no t go through 
the origin, but rather there is a compositional threshold below which arseni c  is not very leachable, and 

above which leaching concentrations increases linearly with compositional arsenic. The threshold value 

for the TCLP test is 605 rng/kg, while for the OI W ater test it is 715 rn g/L. More importantly, a 
compositional value of around 1060 mg/kg is needed to give a TCLP test concentra tion of greater than 

5 m g/L. In other words, sediments with compositional levels below 1060 are not likely to be hazardous 

due to arsenic leaching in the TCLP test. 

1 :\ \VI'MSN \ I'JTI \(J211�5\2:l\U09\M02liB5230119-UIIJ . DOCX 3 

~ ... <$, __ .,,,_,. ............... _______________ _ 



Technical M emorandum 

Concl usion 
Based on the compositional analysis and screening leaching test analysis of  the Geoprobe samples from 

the Kewaunee Marsh, sediments with a compositional value of b elow 1000 mg/kg are not likely to be 

hazardous due to arsenic leaching in a TCLP test. 
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2012-2014 Groundwater Performance Monitoring 
Treatment Area Monitor Wells 

MWll-1 

Sample Date Arsenic Ca lcium I ron 

1 1/15/2011 304 590 1 1 2  
05/02/2012 79.2 322  
07/06/2012 59.7 548 280 
10/26/2012 19 .5  479 234 
02/08/2013 30.8 486 738 

MWll-li 

Sa mple Date Arsenic Ca lcium I ron 

1 1/15/2011 121 128 3 .9 
05/03/2012 105 1 . 1  
07/06/2012 86.5 114 1 .5  
10/26/2012 83.6 111  0.4 
02/08/2013 103 123 0.5 

MWll-2 

Sample Date Arsenic Calcium I ron 

1 1/15/2011 108 429 165 
05/03/2012 91 .2  199  
07/06/2012 96.3 407 72.9 
10/26/2012 89 .5 500 57. 1  
02/08/2013 38 .1  562 117  

MWll-3 

Sample Date Arsenic Ca lcium I ron 

1 1/14/201 1  360 285 1 . 3  
05/02/2012 325 3 
07/06/2012 329 282 1 . 5  
10/26/2012 3 3 1  326 1 .6  
02/08/2013 324 3 13 2 

MW11-3i 

Sample Date Arsenic Ca lcium I ron 

1 1/14/2011 156 154 3 .7  
07/06/2012 47.2 112  0 .5  
10/26/2012 49.9 109 0 .2  
02/08/2013 29.3 108 0 .1  

MW04-9 

Sample Date Arsenic Calcium I ron 

1 1/14/201 1  0.043 148 0.57 
05/02/2012 0.025 0 .6  
07/06/2012 0.043 154 0 .5  

(fj) zz .  
C:\Users\victoe\Documents\00 Kewa unee M a rsh\DATA\20 12 - 2014 grou ndwater performa nce monitoring Water Chemistryas ca fe 

resu lts02/04/20186:13 P M  
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Date: May 5, 20 1 0  

To: Technical File 

From: Bob Stanforth 

Project No.:  02085.23.009 

Technical Memorandum 

Subj ect: Leach Testing of Composite Kewaunee Hot Spot Samples 

Introduction 
Compositional analysis of the Geoprobe samples showed several things: 

1 .  The boundaries of the highly contaminated soil under the railroad (RR) bed have been delineated. 

2. The contamination extends past the ballast under the RR bed and into the underlying peat material. 

Contamination does not extend into the underlying silt or into the gravel layer beneath the RR bed. 

3. The highly contaminated zone extends further into the marsh than was anticipated. The eastern 

edge has  no t been delineated . 

4. The highly contaminated zone extends deeper into the marsh than was anticipated, going into the 

organic silt at 7-10  feet as wel l as through the pea t layer going d own to 7 feet.  

One potential approach to remediating the highly contaminated groundwater in the ballast under the RR 
bed is to install a groundwater extra ction trench parallel to the bike path and pu mp the groundwater. A 

question that need s  to be addressed in evaluating this approach is how long it will take to remove the 

contamination from the area using a groundwater pumping system. Is the arsenic sufficiently soluble 

that the contamination can be removed by pumping a few pore volumes, or will multiple pore volumes 

need to be removed in order to reduce arsenic concentrations to acceptably low levels? This question can 
be ad dressed by running leaching tests on the contaminated material collected during the December 

2009 Geoprobe sampling. 

The original work called for doing leaching tests on the ballast to evalu ate the leaching pattern of arsenic 

from the contaminated area. However, given the much more extensive na ture of the contamination and 

the need to know whether the arsenic is dissolved or particulate for treatment purposes, leaching tesls 

were run on composites of the different types of contaminated soils found, namely ballast, peat under 

the ballast, peat in the marsh, and organic silt in the marsh. 

Procedure 

Composite Preparation 
Composites were made of the different types of materia l  to be tested. "TI1e different soil samples 

divided into the four groups (Ballast, Peat under Ballast, Peat in Marsh, Organic Silt in Marsh) 

and composites made by mixing equal weights of each Ballast sample, each PeEJt-under-Ballast 

sample, each Peat-in-Marsh sample and each Organic-Silt-in-Marsh sample. Table 1 gives the 
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in dividu al samples used for each composite, a long with the arsenic concentrations and mo isture 

con tent  for each sample . The moisture content and arsenic concentra tion for each composi te are 

also given in Table 1 .  

Leaching Tests 
A series of leaching tests were run on each composite. Amounts of solid ranging from 0.5 g to 

20 g were placed in 50 mL centrifuge tubes, and sufficient deionized (DI) water added to bring 

the volume to 40 mL. The samples were shaken overnight, then centrifu ged to separate the solids 

an d leachate. The leachate was removed and an aliquot filtered for arsenic and calcium analysis. 

The pH was measured on the remaining leachate. Meanwhile, fresh DI water was added to each 

sample, and the process repeated . The 0.5 g through 4 g samples were leached for a total of ten 

elu tions, while the 10 and 20 g samples were leached for five elutions. The pore volume was 

estimated from the moisture content of the samples (since they were saturated when collected).  

To illustrate what the leaching pa ttern looks like when there is no retention on the solids, sand 

spiked with an arsenate standard to give an arsenic concentration of 1000 mg/kg As was leached 

using solids concentrations of 0 .5 g, 1 .0  g, 2.0 g and 4.0 g per 40 mL. 

Results 
The results of the leaching tests are given in Tables 2 and 3 for arsenic concentration and mass of arsenic 
released, respectively. 

Arsenic concentrations in the 4 g/40 mL samples vs. pore volume are shown i n  Figure 1. The leaching 

pattern for all the solids samples follows a similar curve, with a rapid decrease at low pore volumes and 

an extended tailing off to much higher pore volumes. Arsenic concentrations from the spiked sand 

samples d rop much more qu ickly than the marsh samples, indicating that the tai ling is due to something 

more than retained pore water. Note that concentrations do not drop to low levels even after several 
elu tion s  (representing hundreds of pore volumes) . 

The focus of the pump-and-treat concept was for the ballast material. Arseni c  concentrations versus pore 

volume for the d ifferent solids concenh·a tions of Ballast samples are shown in Figure 2. All the solid 

concentrations fall on the same line. Arsenic concentrations are not reduced to low values until after 

many pore volumes. Figure 3 shows arsenic concentra tion vs. pore volume for the low arsenic 

concen tration section of the graph. Arsenic concentrations are not reduced to below 0.17 mg/L (the target 

value) until a fter over 1 000 pore volumes (approximately 500 to 600 million ga llons) have been removed .  

Given the low permeability o f  the m arsh m a terial, removing this large vol ume o f  water would be time 

prohibitive, and given the remote location of the si te, m anagement of this la rge volume of water would 

be cost prohibitive . 

Further, the mass balance on arsenic for the ballast m a terial indicates tha t only about 500 mg/kg arsenic 

was removed from the ballast by the leaching, or about one third of the total arsenic present (Tabl e  3) . 

Not only would groundwater extraction involve removin g large volumes of water, it would also not 

remove much of the arsenic present in the ballast. In contrast, almost all the arsenic was removed from 
the other three composites in the multiple elution lea ching tests (Table 3). 

© .l �  / 0  
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Concl us ions 
I t  would require removal of more than 1 000 pore volumes of water from the ballast area t o  reduce the 

leached concentration to below 0.17 mg/L. Removing and h·eating such a large volume is impractical, 

and the pump-and-treat approach is unlikely to be a cost-effective way to remediate the soil under the 

bike path. 
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Tab l e  1 
Kewaunee Geoprobe Investigation of Hot Spot Area, December 2009 

Summary of Contamin ated Samples in  BD/MD Transect 

> <  . . ' < , . ·�AMPLE;. · . . •. ·.··.•. . >:<: 
. • �()Ri.�· � .. : :<•••·. ·••• · • • ··········· ·f?E.PTH i; �<:t,) 

. \ . . . . .  \ ; • . . c · ' •  • 

' ): ·ARSENIC . ' <: � . . · .
. :•:· .. ;· .... •.:. :-.:::• . ... . . .... . . . . .. . .. .. · . . . . : .: . .  · · ·:..· . . .. ·. 

;: . <; . ;:: •i'!:\i··•. M.:���y:�f:.p;· ry.;gikg.· .• · ; : : <�··· .'.; : �;\:,•. : 
·�Rail�sf�.; : c\···.\ ·:: :;··;:;::::;//:' ;::•.�<Xi <•• .. > ·  . ·;: ::� <'·: �;: .);::;.; \::• ··: · : :\r ::\·· :�:nx+\ i\YY · , : : ·/'.:; : •< :: : <': )\ i 
81 0 6-8 25.5 1 ,850 
820 6-8 1 3 .4 1 ,030 

8- 10  1 2. 8  1 ,420 
1 0-12 1 7 .4 798 
1 2- 14  1 3 .9  533 

830 6-8 1 1 . 8  538 
8-1 0 1 7.5  2, 1 30 
1 0- 1 2  1 8 .4  1 ,2 1 0  

Com posite 1 7 .7 1 ,400 
.,,,, ... , .. 

81 0 8-1 0  75 .9  2, 1 50 
1 0-12 80.8 1 ,070 

82 0 1 4- 15  72.8  2,820 
1 5- 17 .5  44 .9  1 ,330 

830 1 2- 14  77. 3 2,030 
1 4-16 59 .4 759 

Compos ite 68.0 1 ,500 

;:: .• .. u;·:'.�;,;�\ .. ·; •. •. 
M20 2-4 71 . 1  5 , 120 

4-6 78.6 1 , 930 
6-8 8 1 . 1  2, 1 80 

M30 0-2 56 . 5  2 ,3 1 0  
2-4 82. 3 3 ,800 
4-6 78 .8 2,450 
6-8 75 .7 1 ,6 1 0  

M40 0-5 53 5 1 ,850 
5-7 84. 5 4,770 

M50 0-5 77.7 4 ,960 
5-7 87.9 7,300 

Composite 74.9 2 ,600 
... ·<· i.·•ti�·�·�··>:•>;< i : .;;.:<·······•· •· ; .•.u�:F·.·:;·�.·�·�.:\:'i:· . .  : •. . .• :. ;:,: i"'·••·i.i'•····•·•··.\ •· ·•·•' ·•·• · .· , · ·· ···· ( 

M20 8-1 0 67.4 633 
M30 8-1 0 67 . 1  654 
M40 7-1 0 67. 9  628 
M50 7-1 0  68 .8  500 
Composite 67.7 550 

@ J7. 11... 
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Peat 
under 
Bal last 

Peat in 
Marsh 

Organic 
Si lt in 
Marsh 

As 
Spiked 
Sand 

Tabl e 2 
Arsenic Concentrations - Kewaunee Geoprobe Composite Samples Multip le  Extraction Test 

Using Dl Water Extractant 

I , \  Wl'\·1$� \ PJTI \02055\23\009\ M020S513009.003. DOCX 

Ballast 0.5 2.7 0.71 0.37 0.29 0.21 0.1 2 0.10 0.091 
1.0 5.9 1.7 0.91 0.65 0.46 0.24 0.24 0.20 

2.0 9.8 3.2 1.8 1.4 1.1 0.57 0.47 0.40 

4.0 16 6.1 3.8 3.4 2.1 1.2 0.85 0. 77 

10.0 34 15 11 7.9 i' .·_ .-, .:·:- / __ ._ >:.: __ ; >> ;,/ .-

20.0 54 28 22 17 ' ._.._ :.:: >O:: ,<: }t ,. 
.-: -., ....... >., ' .;, .. - .. •/.ii' ' 

0.5 3.7 0.90 0.39 0.25 0.16 0.081 0.063 0.057 

1.0 6.4 2.1 1.0 0.70 0.47 0.25 0.20 0. 18 

2.0 12 3.7 1.9 1.4 1.0 0.63 0.49 0.41 

4.0 19 7.0 3.6 2.3 2.6 1.5 1.1 0.92 

10.0 40 19 14 11 ,:', :.-:.-·--·-: -,_. ..-:: .. --· .' .. :- ·-..: 
';' ,, 

' ' 

20.0 71 31 27 23 ': : :.·:·.: ' ,.· <(.-:_ 
0.5 6.4 1.0 0.32 0 19 0.12 0.062 0.049 0.038 

1.0 9.9 2.3 0.93 0.59 0.40 0.19 0.17 0.16 

2.0 16 4.3 2.1 1.5 1.2 0.72 0.59 0.52 

4.0 33 12 5.0 3.2 2.8 1.8 1.3 1.0 

10.0 85 30 23 

20.0 160 49 19 

0 5 1 0 0.40 0.22 0.1 6 0.10 0.066 0.061 0.058 

1.0 1.6 0.64 0.37 0.29 0.20 0.13 0.10 0.11 

2.0 2.6 1.2 0.80 0.64 0 55 0.35 0.30 0.24 

4.0 4 1 2.1 1.3 1.2 1.1 0.68 0.63 0.55 

10.0 8.2 2.7 1.8 

~ 20.0 12 4.1 2.6 

0.5 11 0.078 <0.013 

1 2 .:·:.•:,: -- ·, ·.-- ·,-:.·: :::·: ,' :·.> .. ' _.': . .. -- ' 
. _.,;_.._,_.- :.- -,::_. ·,. ,.·:: ", :,:.i:'.: :,',. ·.--: ... -:,:--:·:: .- _"_'." ,·' ·::., .: 

~ 
1.0 23 0.28 0.024 

2.0 45 1.1 0.045 <0.013 _-,"::-.:·· . _-: , > ··.:'_'.:.,.- ..• J .: ,'; _. 

4.0 85 3.2 0.12 <0.013 . :··:. :.:: .. _: 

~ 

0.081 

0.1 5 

0.35 

0.64 

0.034 
0.12 

0.31 

0.71 

0.026 
0.14 

0.44 

0.94 

0.030 
0.078 
0.20 
0.43 

0.045 
0.091 
0.24 

0.44 

0.03 
0.09 
0.24 

0.63 

0.02 
0. 10 

0.39 

0.86 

0.02 
0.04 
0.14 

0.38 



Table 3 
Cumu lative Arsenic Extracted - Kewaunee G eoprobe Composite Samples Mult iple Extraction Test 

Using Dl Water Extractant 

'·· ••• :··.·.··�······· ·•·•.: .. S.AI'i/leLE_;: �·. · -•·:·.·· •/;·; ; . , ., .• _ ...•...••.. _., ,, ••. ,, . .  ,.. ':?•s•; ./'\\: ;.·.• . 
. .  .:: •;t:l�Y :Wt �-;::••'2;//.� _:_ ·:_••::·• : •·· ·;1 o ·:: -••··········•··· 

.. 

Bal last 0. 5 262 331  367 395 4 1 5  427 436 445 453 457 

( 1 , 400) 1 . 0 287 370 4 1 4  446 468 480 491 501 508 5 1 3  

2 . 0  237 3 1 4  358 392 4 1 9  433 444 454 462 468 

4.0 1 9 5  269 31 5 356 382 397 407 4 1 7  425 430 

20 1 3 1 1 99 252 293 i .< :. · .· · . . _ . .. .... . ..... . · _ .. _.· . .. ..... ... · ··: .· -
· .· . . · . · ·  

Peat 0 .5  925 1 1 50 1 250 1 3 1 0  1 350 1 370 1 386 1 400 1 4 1 0  1 420  
under 
Bal last 

(1 , 500) 

Peat in 
Mars h  
(2, 600) 

O rganic 
Silt in 
Marsh 
(550) 

As 
Spiked 
Sand 

1 .0 

2 . 0  

4 .0  

1 0  

20 

0 .5  

1 . 0 

2 . 0  

4 .0  

1 0  

20 

0 .5  

1 . 0 

2 . 0  

4 .0  

1 0  

20 

0 . 5  

1 . 0 

2 , 0  

750 

750 

595 

500 

444 

2030 

1 570  

1280  

1 270 

1 35 1  

1 275 

247 

1 98 

1 6 1  

1 27 

1 02 

74.3 

880 

920 

900 
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Figure 1 
Arsen ic Concentrations versus Elution Number for the 4g/40 ml Samples of Each Composite 
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Figure 2 
Arsenic Concentration versus Pore Volume for the Ballast Samples 
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Figure 3 
Arsenic Concentration (below 1 mg/L) versus Pore Volume for the Ballast Samples 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Fonn 4400-1 22 Rev. 7-98 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment D 

Waste Management 0 
Other 0 

Page I of 2 
Facility/Project Name 
Kewaunee Marsh 

License/Pennit/Monitoring Number Boring Number 

Boring Drilled By: Name of crew chief (first, last) and Finn 
Dusty Harvey 
On-Site Environmental Services 

WI Unique Well No. Well ID No. Common Well Name 

Local Grid Origin D (estimated: D ) or Boring Location £83 
State Plane 243,954 N, 2,616,467 E 5/C/N 

114 of 114 of Section T N, R 
Facility ID 

Kewaunee 

Date Drilling Started 

121712009 
Final Static Water Level 

Feet MSL 

Date Drilling Completed 

1217/2009 
Surface Elevation 

587.0 Feet MSL 

I Local Grid Location 
Lat __ • --' ---" 0 N 

Long • " Feet 0 S 
County Code Civil Town/City/ or Village 

Kewaunee 

B2E 
Drilling Method 

Geoprobe 
Borehole Diameter 

2.1 inches 

D E Feet 0 W 

Soil 

I 
cs 

2 cs 

3 
cs 

60 
42 

60 
36 

60 
60 

SoiVRock Description "<, 
And Geologic Origin For -� .. " 

"' �  E 8 � -5- � 1E  Each Major Unit � "§- 0CJ) � It: E g? t1 �� 

SAND (SP), with gravel, medium grained, 
small to large gravel, yellow brown I OYR 
616, moist. Ballast. 

\moderately stiff. Ballast 1 
S/\"NI:>(sP), with-g["avef, mediuffito fine 
grained, small to large gravel, yellow 
brown IOYR 6/6, moist, Ballast. 

As above, medium grained, brownish gray 
I OYR 512, very wet. 

SP 

SP 

J hereby certify that the information on this fonn is true and correct to the best ofmy_knowledge. 
Signature Finn RMT, Inc. 

744 Heartland Trail Madison, Wl 53717 
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- 1! o E CY o  
<>' U  

Tel: 608-83 I -4444 
Fax: 608-83 I -3334 

l11is fonn is autholized by Chapters 28 1 , 283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this fonn may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fonn 
�� � - B 

State of Wisconsin 
Department ofNatuTal Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Fonn 4400-I 22A 
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.5YR 713, wet. . 
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State of Wisconsin 
Department of Natural Resources 

SOIL BORlNG LOG INFORMATION 
Form 4400- 122 Rev. 7-98 

Route To: Watershed/Wastewater D 
Remediation/Redevelopment D 

Waste Management 0 

Other 0 

Page I of 2 
Facil i ty/Project Name 

Kewaunee Marsh 
Boring Drilled By: Name of crew chief (first, last) and Finn Dusty Hruvey 

On-Site Envirotunental Services 
WI Unique Well No. Well ID No. Well Nnmc 

Local Grid Origin 0 (estimated: 0 ) or Boring Location [8,1 
State Plane 243,973 N, 2,616,452 E S/C/N 1/4 of 
Facility 10 I /4 of Section 

Kewaunee 

T N, R 

License/Permit/Monitoring Number Boring Number 

Date Drilling Started 

1 2/7/2009 
Final Static Water Level 

Feet MSL 

Dtilling Completed 

12/7/2009 
Slllfacc Elevation 

587.0 Feet MSL 

I Grid Location 
Lat __ • __ ' 

0 N 
Long • '  Feet O S  

Code Civil Town/City/ or Vi llage 

3 I Kewaunee 

B2D 
Method 

Geoprobe 
Diameter 

2 . 1  inches 

0 E 
feet 0 W 

Soil 

i � �  u .o ,_  E § � § ., 
I 60 

cs 36 

2 60 
cs 42 

3 60 

ll "-.!: 
� 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 
<I) u <I) 

SAND (SP), with gravel, medium grained, /.'.i·:·:>: yellow brown JOYR 4/4, moist. Black 
�:::�s� material at 6.5 - 6.7 feet bgs. 

CLAY -(CLj,-browniSii red 5YI.f 47( mmst,
- - - - - - - - -

SAND (SP), with gravel, medium grained, 
brown IOYR 5/3, moist. 

SP 

;g - E: 0 E CY o  c< U  

I ' � cs 48 

. � " z 0 I � 
� --� I herct � Signa! 
� � --

® � 
maiJon on this fom1 ts true and correct to the best of my knowledge. 

Fiml RMT, Inc. 
744 Hear1land Trail Madison, WI 537 I 7 

Tek 608-83 / -4444 
Fax: 608-83 1 -3334 

· � This ft :hapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fom1 is mandataty. Failure to file this form may ffl resltlt in forfeiture of between S I 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable � inform<.�tion on this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more infom1ation, including where the completed form � should be sent. ff 

State of Wisconsin 
Department of Natural Resources 

SOIL BORlNG LOG INFORMATION SUPPLEMENT 
Fonn 4400- 1 22A 

Boring Number 
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B2D Use only as an attachment to Fonn 4400-122 
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SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

PE-AT;-With organics(wood and root- - - 
mass), dark brown I OYR 3/2, m01st, soft. 

sANb -(sWf,t.ne<iiliffi grained, light :YeiTciW 
IOYR 6/4, moist. 1 

i>'EA. f. V..Tt11 oriaillcs (wood-ali.ctroo! - - -
dark brown I OYR 3/2, moist, soft. _ (ot), wltl1s!Jefis and -

1 8  trace organics, dru·k greenish gray GLEY I 
4/1, moist, soft. 

/ 9  

a:RAVE:I AND SAND - - -
20 (GW-GC), small to large gravel, medium to 1 

coarse grained, red-brown gray 5YR 5/3, 1 
21 
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�_.<:!_:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  , 
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to coarse grained, light red brown 2.5YR 
7/3, wet. 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment D 

Facility/Project Name 

Kewaunee Marsh 
Boring Drilled By: Name of crew ch1ef(first, last) and Firm 

Dusty Harvey 
On-Site Environmental Services 

WI Unique Well No. Well ill No. Well Name 

Local Grid Origin D (estimated: ) or Boring Location f8J 
State Plane 243,973 N, 2,616,452 E S ICIN 

114 of l/4of Section T N, R 
Facility ID 

Kewaunee 

� � ti �  < � 8 .s � -" f-.  � -5 fr a; 
I 60 cs 36 

2 60 cs -42 

SOIL BORING LOG INFORMATION 
Form4400-122 Rev. 7-98 

Waste Management D 
Other 0 

Page I of 2 
License/Permit/Monitoring Number Bonng Number 

Date Drilling Started Drilling Completed 

12n 12oo9 12n 12oo9 
Final Static Water Level Elevation 

Feet MSL 587.0 Feet MSL 
Lat �--: D N I Grid Locatmn 

Long Feet 0 S 
Code Towru'City/ or Village 

31  Kewaunee 

B2D 
Method 

Geoprobe 
Diameter 

2.1 inches 

D E  Feet 0 W 

Soil 

I :  
I I  , '" , 

�= l�R< � ='· ..,;,rn "'"'''· 
" r; rs 48 

1 1  

� I ' ;; 12 I �  . : � I hereby certify that the information on this form is true and correct to the best of my knowledge. � S1gnature F�rm RMT, Inc. Tek 608-83 t -4444 L � 744 Heartland Trail Madison, WI 53717 Fax' 608-83 1 -3334 
; TI1is form is authorized by Chapters 28 1 , 283, 289, 291, 292,293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this form may m result in forfeiture of between SIO and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable � information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fonn � should be sent. If 

State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 

Boring Number 

"' § t �  < � 8 -5 � -" E- � a; 

B2D Use only as an attachment to Form 4400-122. 
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SoiVRock Description 

And Geologic Origin For 

Each Major Unit 
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PEA."T;-Wltii"Or"ga!iiCslwciO<fiiiiCfroot _ ___ 
' ,, 

mass), dark brown IOYR 3/2, moist, so1ft_ 

��� 
��.. I � rnedi� grained,l1ght y;:1 llow 

\brown IOYR 6/4, mmst I ,, ,, ., _, cs -(wood-androotl-- -
f brown IOYR 3/2, moist, 'Soft-

oR.oANl:((. sli..T(ot>: Witils"hcils ali.if - -
trace orgarucs::dark greenish gray GLEYI 
4/l, mois , so / OL 

· _j GRAVELM Ti fC ---- s.A:Ni5" ___ 
(GW-GC), small to large gravel, mediwn to 1 -

GRAVEL WI1H SAND (GW), and clay, 
small to large gravel, sub-angular, mediwn 

22 to coarse grained, light red brown 2.?YR 
713, wet 
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State of Wisconsin SOIL BORING LOG INFORiYlA TION 
Department of Natural Resources 

Watershed/Wastewater D 
Remediation/Redevelopment 0 

Waste Management D 
Other 0 

form 4400- 122 Rev. 7-98 

Page I of 2 
facility/Project Name 

Kewaunee Marsh 
Boring Drilled By: Name of crew chicf(first, last) and Finn 

Dusty Harvey 
On-Site Environmental Services 

WI Unique Welt No. Welt ID No. Well Name 

Local Grid Origin 0 (estimated: D ) or Boring Location [8J 
Slate Plane 243,954 N, 2,616,467 E S i C/N 

1/4 of 1/4 of Section T N, R 
Facility ID 

Kewaunee 

License/Permit/Monitoring Number Boring Number 

Date Drilling Started 

1217/2009 
Final Static Water Level 

Fect MSL 

Date Drilling Completed 

1217/2009 
Surface Elevation 

587.0 Feet MSL 

I 0 
, " Local Grid Location 

Lat __ __ ___ O N  

Code Civil Town/City/ or Village 
3 1 Kewaunee 

B2E 
Method 

Geoprobe 
Diameter 

2. 1 inches 

0 E 
Feet 0 W 

Soi l 

0 � c.  o ,_  ., f-5 -o  - = z .. 
I 

cs 

2 
cs 

� @  
60 
42 

60 
36 

J 60 
cs 60 

I hereby c• 
Signature 

� 8 � 
iii 

� 
0. 0 

I 

1 0  

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

SAND (SP), with gravel, medium grained , 
small to large gravel, yellow brown I OYR 
6/6, moist. Ballast. 

U) 
u U) 
::0 

SP 

stiff. Ballast 1 
s.AND (sP), wTlh-gravef,niedlt!m!a fii1e 
grained, small to large gravel, yellow 
brown I OYR 6/6, moist, Ballast. 

As above, medium grained, brownish gray 
I OYR 5/2, ve wet. 

SP 

.1011 on t!Hs fonn IS true and com�ct to the best of my _knowledge. 
Finn RMT, Inc. 

744 Heartland Trail Madison, WJ 537 1 7  
Tel: 608-83 1 -4444 

Fax: 608-83 1 -3334 

This fom1 is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this form may 
result in forfeiture of between S I 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more infom1ation, including where the completed fonn 
should be sent. 12J 

State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Fonn 4400-122A 

B onng N be urn B2E Use only as an attachment to Form 4400-122 Page 2 of 2 
Soil 

� � � SoiVRock Description 

·� 
� H -" 

And Geologic Origin For 
U) u � 8 [�  ?:-

-= � u :c :E .... j �  - E u ,_  Each Major Unit u � B 0 .O f- � 8  � g.s � g  E u 0 g g. ·e 0 0 E � -g  U) 0 0 b N O' o  u u ::0 0: U U1  ::E u  ::i ::i  .. IX U  

1 3  SP 

PEII:T :-Wlih organ{cs(wood and root- - - -1 4  
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 Rev. 7-98 

To: Watershed/Wastewater D 

Remediation/Redevelopment D 

Waste Management 0 
Other 0 

Page 1 of 2 
Facility/Project Name 

Kewaunee Marsh 
LJcense/Permit/Monitoring Number Boring Number 

Boring Drilled By: Name of crew chLef(first, last) and Firm 
Dusty Harvey 

Date Drilling Started Drilling Completed 

12/812009 On-Site Envirorunental Services 12/8/2009 
WI Unique Well No. Well ID No. Well Name Final Static Water Level 

FeetMSL 
Surface Elevation 

587.0 Feet MSL 
Local Grid Origin D (estimated: 0 ) or Boring Location 1:8J 

Lat --' __ ' 0 N I Grid Location 
State Plane 244,022 N, 2,616,416  E SICIN 

114 of 
facilityiD 

I 60 cs 39 

2 cs 60 
45 

. 

1/4 of Section T N, R Long ' '  Feet O S  
County 
Kewaunee 

Code Civil Town/City/ or Village 
3 1  Kewaunee 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

SAND (SP), with gravel, medium 
yellow brown 10YR 4/4, moist Black 
stained material at 6.5 - 6.7 feet bgs. 
Ballast. 

Black stained material from 6.5 - 6.8 feet 
bgs. 
As above, with clay, moist to wet, red 

SAND (SP), with trace gravel, medium to 
fme grained, grayish brown 1 OYR 512, very 
wet. 

"' 
u "' 
::> 

B2A 
Method 

Geoprobe 
Diameter 

2.1 inches 

D E  
Feet 0 W 

I Ii 0 � 3 60 
60 ... 0 cs " 

� 
� 
5 

··�·:. : ·:;·.-:·:} l.i_, � § I hereby certifY that the information on this form is true and correct to the best of my knowledge. 
5 Signature RMT Inc Tel: 608-83 1-4444 L � 744 He'artla�d Trail Madison, Wl53717 Fax: 608-83 1-3334 

� This form is authorized by Chapters 281, 283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this fonn may � result in forfeiture of between $10 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable l .  � infonnation on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fonn 
� should be sent. 5 

State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Form 4400-122A 

Boring Number 

\1 � �  l; � < � 8 ��  3 c u _g "' 
B2A 

1l .:: 
.5 
-5 fr " 

Use only as an attachment to Form 4400-122. 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

?��ilioci��(wooct�droOt ___ _ 
mass), dark brown 1 OYR 312, moist, soft. 
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Form
 4400-122 

Rev. 7-98 

Route To: 
W

atershed/W
astewater D 

Remediation/Redevelopment 
0

 
W

aste M
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Other 0
 

Page 
I 

of 
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Facility/Project Name 
Kewaunee Marsh 

Boring Drilled By: Name of crew chief (first, last) and Firm 
Dusty Harvey 
On-Site Enviromnental Services 

W
I Unique W

ell No. 
W

clllD No. 
W

ell Name 

Local Grid Origin 
0

 (estimated: D ) or B01ing Location 
®

 
State Plane 

243,960 N
, 

2,616,475 E 
S/C/N 

Facility 10 1/4 of 
1/4 of Section 

T
 

N, R 

Kewaunee 

License/Permit/M
onitoring Number 

Boring Number 

Date Drilling Started 

12/7/2009 
Final Static W

ater Level 
FeetM

SL 

Drilling Completed 

12/7/2009 
Surface Elevation 

586.0 Feet MSL 

I 
Grid Loc

ation 
Lat --

' 
__

 ' 
0

 N 
Long 

0
'

 
Feet

O
S

 
Code 

Civil Town/City/ or Village 
3 1 

Kewaunee 

Drilling M
ethod 

Geoprobe 
Diameter 

2.1 inches 

0
 E 

Feet 0
 W
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Soil/Rock Description 
And Geologic Origin For 

Each M
ajor Unit 

SAN
D (SP), with small gravel, fine 

grained, yellow brown I OYR 6/6, moist. 

SAND (§i)
.WTtil sOla If gfaVcl,fille-----

-
grained, yellow brown I OYR

 616, moist. 
SP 

C
LAY

 (CL),-bfoWi17.fYR 476:-n1ols� SOft.-
SAND (SP),WTti1 tfaCe-gTaVe� fhie

 to----
-

medium grained, yellow brown I OYR 6/2, 
very wet. 

PEAT:-Wlt11 viSibie-orgatucs,vei.Y drul---
brown I OYR 2/2, moist, soft. 

1 this fonn is true and correct to the best of my knowledge. 
Finn RMT

, Inc. 
744 Heartland Trail M

adison, W
I 53717 
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Tel: 608-831-4444 
Fax: 608-83 1-3334 
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d S25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
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1ation, including where the completed 
should be sent. 

State of W
isconsin 

Department of Natural Resources 
SO

IL
 B

O
R

IN
G

 LO
G

 IN
FO

R
M

A
T

IO
N

 SU
PPL

E
M

E
N

T
 

... l 
Fon

n 4400-122A 

Boring Number 

t� 
..,,_. 

4 
cs 

5 
cs 

00
0

 
" 

u 
u u 

60 
42 

60 
48 � 0 u � 

� .=; -5 fr 

13 

1 4  

15 

16 

1 7  

18 

Use only as an attachment to Form 4400·122 

SoiVRock Description 
And Geologic O

ri
gi

n For 
Each M

ajor Unit 

6
R"

&
AN1

c
 s!L f(of);-Wl

iE sheiiS lli
id---

trace organics, dark greenish gray GLEY I 
4/1, moist, soft. 

OL 

19 

s!Li'Y
T

1A.'Y (c
C

ML)
,d

ark gr
ayis

h
 

20 
_

_
_

_
_

_
_

_
_

_
 J 

GRA
VE

l 
SAN

D (GW), and clay, 
21 

22 

23 

24 

sm
all to large, suba.J1gular, coarse to 

medium grained sand, light red brown 
2.5YR

 7/3, wet. 
AB

 above, trace fines. 

Page 
2 

of 
2 

Soil 

0
 

0
 

N
 

..
 

'i1 
-

e 
o E 
Cf

o
 

c<
U

 

2D
 i I u �.I i I 'I J L. u 0 d u 

WONR SBL 1998 072010NR.GPJ WI ONR 2003.GOT 

-~h@ 

I 

I~ 1:: ':~ 1:: 

o' 

:1 

ONR SBL 19S8 cno10NR.GPJ WI ONR 2003.GOT 4/22/10 

"' 

V, .,, 

~ 
;,1 
0 
i:o 
2; 

"' V, 

~ 
~ 
er 

"?l 

= ~ 

I I 

Nun en 
and 3 
L th A & 
R vcre in) (i" 

Bl unts 

"" ~ w N - D In F 

01 
r1 
>1 

;:'.:1 
01 
.t:1 
• I 
"'1 
01 
~I 
:--'I 
v,I 

~ I 
_,,.I 

~°'[ 
~I 
tn ·I 
r1 
~I 
:ct>I 

I 

V, uses .,, 

Well 
Diagram 

PID/FID 

Compressive 
Strength 

Moisture 
Content 

Liquid -.:, 
a 

Limit 
" Plasticity a 

Index ~ 

RQD/ 
Comments 

~ 
~ 

~ 
~ 

I 
I 

1.1. 
[ 

Num 
and 

L 
R 

Bl 

0 z 
"' 

r;, 
3 

~ 

g, 
"-0 
ii" 

0 
~ 

tIJ 
t.,.) 

tI1 

en 
"" 

th AtL & ~ 
vered (in) I ci' 

N 
~ tIJ ~ ~ 

I I 1111 I I I I I j 111 1 I 1 111 l 
D et 

I~ 

~:i SJl.-
1~ 
l ;=I> 

@1 
a.I 

- I 

Q ~ ~ ~ 7 I 
uses 

~:~&~~&Y@~iTc-i~~~ ~~~~~g~~~~0~~ ;:: :=~ 
-· I:: •~ l;:j Graphic 
[: i=. I~ I~ Log 

__ , _, _ 

Well 
Diagram 

PID/FID 

Compressive 
Strength 

Moisture 
Content 

Limit 0 lu,.;, ~ 
Plasticity 3-. 
Index g 

:...=.:J __ i __._j 



r1 
I i 
I I  
1 1  
l l  
1 \  
ll 
l l  
I I  
I I 
l 1 • '  

I !  
I ,  
I ;  

� 

State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Fonn 4400-122 Rev. 7-98 

Route Watershed/Wastewater 0 
Remediation/Redevelopment D 

Waste Management D 
Other 0 

Page I of 2 
Facility/Project Name 

Kewaunee Marsh 
License/Permit/Monitoring Number Bonng Number 

Boring Drilled By: Name of crew ch<ef (first, last) and Finn 

Dusty Harvey 
On-Site Environmental Services 

WI Unique Well No. 

Local Grid Origin 
State Plane 

1/4 of 
Facility lD 

Weii iD No. Well Name 

0 (estimated: 0 ) or Boring Location 181 
243,946 N, 2,616,456 E S /C/N 

1/4 of Section T N, R 

Date Drilling Started 

12/7/2009 
Final Static Water Level 

Feet MSL 

Date Drilling Completed 

12/7/2oo9 
Surface Elevation 

586.0 Feet MSL 

I , , Grid Location 
Lat --, --, 0 N 

Long Feet 0 S 

B!E 
Method 

Geoprobe 
Diameter 

2.1 inches 

D E  
Feet 0 W 

County 
Kewaunee 

Code Civil Town/City/ or Village 
Kewaunee __....----.....�. 

l 60 
cs 21 

2 60 cs 24 

3 

SoiVRock Description 

And Geologic Origin For 
u • E 

Each Major Unit i k 
SAND (SP), with gravel, medium to fine 
grained, brown I OYR 5/3, moist 

sANbYCLAY �L). IT�h�brown 
__ _ 

2.5YR 613, moist, soft. 
PEAT��ilimg��(roO!�S.wo��--
dark brown black I OYR 3/2, moist, soft. 

SP 

./ Soil 

_/ � -� 0 [� � - ;,. 
� .E � ! ·� :� � 0 g !:  0 � 8  .!! "g N 
0:: U <n  ::1 :.:3  "- - "-

l---, b 
cs _j i 

60 
60 

a: i5 
§ I hereby certify that the infom1ation on this form is true and correct to the best of my knowledge. � Signature Firm RMT, Inc. Tel: 608-831-4444 

Fax: 608-831-3334 l: § 744 Heartland Trail Madison, W1 53717 

� This form is authorized by Chapters 28 1 , 283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this form may m result in forfeiture of between SIO  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable I � information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where tl1e completed form 
� should be sent. ?, 

State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION SUPPLEMENT 
Fonn 4400-122A 

Boring Number B IE 

Cl(j �  !'l � 
u � i  5 .:! 

] �  8 .5 � � � -5 d fr -' "'  iii 0 

4 60 cs 48 

19  

20 

Use only as an attachment to Fonn 4400 122 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

. .,__ 

r�,. 
� . 

ORGANIC' SILT (OL), with shells 
trace dark greenish gray GLEYl

\. 411, soft. · · 

sANbYcU Y (cl). With -gravel, fine to -
medium grained, reddish brown 5YR 513, 

�:!·_!l�ft� _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 
GRAVEL Willi SAND (GW), and trace 
fines, small to large, subangular, coarse to 

grained sand, light red brown 
5YR 7/3, wet 

E.O.B at 20 feet bgs. 
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Stolte of Wisconsin 
Depanmcnt of Natural Resources 

Faci l ity/Project Name 
Kewaunee Marsh 

Route To: Watershed/Wastewater D 
Remediation/Redevelopment D 

Boring Drilled By: Narnc of crew chief (first, last) and Firm 
Toni Kapugi 
On-Site Environmental Services 

WI Unique Well No. Well lD No. Common Wc!l Name 

Local Grid Origin 0 (estimated: 0 ) or Boring Location [8'1 
Srarc Plane 243,962 N, 2,616,829 E S / C/N 

l/4 of 
Facil i ty ro 

� � 
0 " 0.  r3 o ,  � .o r- � � -g  u u 

E 

0. 

1/4 of Section T N, R 
County 
Kewaunee 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

SOIL BORING LOG INFORMATION 
Fom1 4400- 122 Rev. 7-98 

Waste Management 0 
Other 0 

Page 1 of 1 
LicenscJPerrnit/Monitoring Number Boring Number 

Date Drilling Stancd 

3/1 7/2010  
Final Static Water Level 

Feet MSL 

Date Drilling Completed 

3/1 7/201 0  
Surface Elevation 

582.0 Feet MSL 

I Grid Location 
Lat __ • __ ' 

0 N 
Long 0 ' Feet O S  

Code Civil Town/City/ or Village 

3 1  Kewaunee 

M l OF 
I ling Method 

Geoprobe 
Diameter 

2.1 inches 

D E  Feer 0 W 

Soil 

"' 
E' "" � Cl 

-- � Cl E CY o  c< U  
I 

cs 
48 
24 

PEAT, dark brown to black (lOYR 3/2), 
moist, soft. � 

2 
cs 

48 
24 

E.O.B. at 8 feet bgs. 

� ,, 
� 

� ,, 
� 

� ,, 
� ,, 
� 

� 

� 

� 

� ,,,, ,, 

� � I .  § I hereby certi � on this fom1 is !rue and correcl lo Ihe besr of my knowledge. � Signature -t:., Finn RMT, Inc. Tel: 608-83 1 -4444 L § • 744 Heartland Trnil Madison, WI 537 1 7  
. , 

. Fax
.
: 608-8J J .JJ34 � Tim form 1s alnnonzeo oy �...-naplcrs 28 1 , 283, 289, 291 , 292, 293, 295, and 299, Wrs. Stats. Complct1on ofthrs form rs mandatory. Fadure to file thrs forrn rnay � result in forfeiture of between $I 0 and $25,000, or imp1isonment for up to one year, depending on the program and conduct involved. Personally identifiable � infom1ation on this form is not intended to be be used for any other purpose. NOTE: See instructions for more infonnation, including where the completed form � should be sent. 2..1 

5 

State of Wisconsin 
Department of Natural Resources 

Facility/Project Name 
Kewaunee Marsh 

To: Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Boring Drilled By: Name of crew chief (first, last) and Firm 
Toni Kapugi 
On-Site Enviromnental Services 

WI Unique Well No. 

Local Grid Origin 
State Plane 

1/4 of 
Facil ity ro 

� �  .o r-

� �  
-5 � " 0  c u u u 

� r3 � 

Weii iD No. Well Name 

(estimated: O ) or Boring Location 
243,956 N, 2,61 6,948 E S /C/N 

1/4 of Section T N, R 

Kewaunee 

u SoiVRock Description 
<:! And Geologic Origin For 
,!; Each Major Unit � 

Waste Management 0 
Other 0 

SOIL BORING LOG INFORMATION 
Form 4400-122 Rev. 7-98 

Page 1 of 2 
License/Permit/Monitoring Number Boring Number 

M l lF 
Date Drilling Started Date Drilling Completed 

3/17/2010 3/17/2010 
Final Static Water Level Elevation 

I 
Feet MSL 583.0 Feet MSL 

Lat --
0 --' 0 N 

Grid Location 

Long 0 '  Feet O S  
County Code Civil Town/City/ or Village 
3 1  Kewaunee 

Drilling Merhod 

Geoprobe 
Borehole Diameter 

2. 1 inches 

0 E 
Feet 0 w 

Soil 
u > 'i: -� � c 0 "' � Cl [�  - E! � :s! ..... :g � u 0 � �  � ff E u � ll g. .E 0 Cl E "' 8 0 b � 8  � '0  "' CY o  :J ;j  - c .. « U  .. U <n  

48 PEAT, dark brown to black (!OYR 312), 
cs 30 frozen, soft. t, � 

� ,1 1, � 
� ,1 

As above, no longer frozen - wet. ,, � 
Styrofoam cap material present 

,, � 

,, � 
2 48 

cs 30 
,, � 

t, � 
t, � 

t, � 

6R:cA'N!c siLT (oLj;-W!t!l SI,eHs,dark -3 48 
cs 48 greenish gray (gley 1 411 ), moist, soft. 

OL 

� 1 hereby certify that the infonnation on this form is true and correct to the best of my knowledge. 

l (  
I ; I 

L! 
l. 

� Signature Firm RMT) Inc. � 744 Heartland Trail Madison, WI 5371 7  
Tel: 608-83 1 -4444, 
Fax: 608-83 

� 111is form is authorized by Chapters 281 ,  283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this fom1 is mandatory. Failure to file this fonn may 
a1 result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable :.·. r � information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fo..!ln 
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State of Wisconsin 
Department of Natural Resources 

Facility/Project Name 
Kewaunee Marsh 

Route To: Watershed/Wastewater D 
Remediation/Redevelopment 0 

Boring Drilled By: Name of crew chief (first, last) and Finn 

Toni Kapugi 
On-Site Enviromnental Services 

WI Unique Well No. DNR Well [D No. Well Name 

Local Grid Origin 0 (estimated: D ) or Boring Location I25J 
State Plane 243,953 N, 2,617,062 E S / C/N 

1/4 of 1/4 of Section N, R 

SOIL BORING LOG INFORMATION l Form 4400-1 22 Rev. 7-98 

Waste Management 0 :-·� Other 0 

Page I of I 
License/Permit/Monitoring Number 

M J2F 
Date Drilling Started Drilling Completed 

3117/2010 311 7/201 0  
Final Static Water Level Surface Elevation 

Feet MSL 582.0 Feet MSL 

Lat __ ' __ ' 0 N 

Local Grid Location 

Long 0 1 
Feet D S 

Method 

Geoprobe l 

Borehole Diameter 
2.1 inches 

0 E 
Feet 0 

Facility !D County County Code Civil Town/City/ or Village 
Kewaunee 3 1  Kewaunee 

� I  u SoiVRock Description 
::::: '"0 And Geologic Origin For u < � � o.  -5 � 8 .: "' u ,_,  Each Major Unit .o ,_.  � = u �] � � f)- "' -' "' a; Q ::> 

I 48 PEAT, dark brown to black (I OYR 3/2), cs 9.6 moist, soft. 

48 As above, wet. 2 
cs 30 

6R:cANi:csfL1'(oL),with-sheTlS,ctark--
greenish gray (gleyl 4/1), moist, soft. OL 

E.O.B. at 8 feet bgs. 
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§ I hereby , �--- �lion on this fonn is true and correct to the best of my knowledge. � Signatur 

�---
m 1l1is fon 

Finn RMT, Inc. Tel: 
744 Heartland Trail Madison, W1 537 1 7  Fax: 608-83 

ipters 28 1 ,  283, 289, 291 ,  292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this fom1 may m result in S I 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable . � ����:�:o
�
:�� this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed ,[7_'4 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources 

Route To: Watershed/Wastewater D 
Remediation/Redevelopment D 

Waste Management 0 
Other 0 

Fonn 4400-122 Rev. 7-98 

Page I of 
Facili ty/Project Name 
Kewaunee Marsh 

Liccnse'Permit/Monitoring Number Boring Number 
M2A 

Boring Drilled By: Name of crew chief (first, last) and Finn 

Toni Kapugi 
On-Site Environmental Services 

Wl Unique Well No. Wc\1 10 No. Well Name 

Local Grid Origin 
State Plane 

1/4 of 
Facility ID 

0 (estimated: 0 ) or Boring Location 181 
244,040 N, 2,616,437 E S /C/N 

1/4 of Section 

Kewaunee 
T N, R 

Date Drilling Started 

3/17/2010  
Final Static Water Level 

Feet MSL 

Date Drilling Completed 

3/1 712010  
Surface Elevation 

584.0 Feet MSL 

I Grid Location 
Lat __ ' __ ' 

0 N 
Long ' ' Feet 0 S 

Code Civil Town/City/ or Village 
3 1  Kewaunee 

Drilling Method 

Geoprobe 
Diameter 

2.1 inches 

D E  
Feet 0 W 

Soil 

� �  ., ,_.  
5 -g  

cs 

2 
cs 

� �  
< � 
...) "' 
60 
25 

60 
30 

� 8 � _g 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

TOPSOIL/CAP MATERIAL. 

POORLY GRADED SAND (SP), 1 
l�11edium grained, light brown, wet. 1 
PEAT,-dark brown to-bTack(IOYR 3i2)-: -
wet, soft. 

oRGANic sfL 1' (oL);-wltil ST,eHs:aa;-J( 
greenish gray (gleyl 4/1), wet, soft. 
E.O.B. at 10 feet bgs. 
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[� ?> :� u 0 

t .  § I hereby certify that the infom1ation on this form is true and correct to the best of my knowledge. 
6 Signatl1re Finn RMT, Inc. Tel: 608-83 1-4444 

Fax: 608-83 1-3JJ4 I .  � 744 Heartland Trail Madison, Wl 537 1 7  

� This fonn i s  authorized by Chapters 28 1 .  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Slats. Completion of this fonn i s  mandatory. Failure t o  file this fonn may m result in forfeiture of between Sl 0 and S25,000, or imprisonmem for up to one year, depending on the program and conduct involved. Personally identifiable � information on this form is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed f01m i �� � �  � 
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State of Wisconsin 
Department of Natural Resources 

Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

SOIL BORlNG LOG INFORMATION 
Form 4400-122 Rev. 7-98 

l l 
Page 1 of 1 l '  , 

Toni Kapugi ': · l 
Feet MSL 584.0 Feet MSL 2 . 1  inches 

Local Gr d Origin 
State Plane 

O (estimated: D ) or Boring Location 1:81 Local Grid Location 
·
·
1 244,017 N, 2,616,449 E S / C/N I Lat __ ' __ ' --" 0 N 0 E 

1/4 of 1 /4  of Section T N, R Long ° Feet 0 S Feet D W 
Facil it !D Code Town/City/ or Village 

Kewaunee 3 1 Kewaunee 

" g_  � �  �-g  
I 

cs 

2 
cs 

� SoiVRock Descr ption 
"- And Geologic Origin For < � 0 "' -5 � u "' Each Major Unit 5 §  :; '§-iii 

60 
30 GRADED SAND (SP), 

1medium grained, light brown, wet. / --- ------------------PEAT, da k brown to black (IOYR 3/2), 
wet, soft. 

1, � 

1, � 

,, � 

60 ORGANIC s:ii 1' (oL);-w1ti1 SI,eHs,- ---40 greenish gray (gleyl 4/1), wet, soft. 

OL 

i>oo:RLYG"IW'>Efi sA'NDwfTI-f _ _  _ 
GRAVEL (SP),medi m grained, small 1 

wet, soft. 

E.O.B. at 10 feet bgs. 

.J;: . . mnat10n on tillS form is true and correct to the best of my knowledge. 

Soil 
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; 
i 

I her� 
Sigm Firm RMT, Inc. 

744 Heartland Trnil Madison, Wl 53717 
Tel: 608-83 
Fax: 608-83 

This form is author zed by Chapters 28 1 ,  283, 289, 291 ,  292, 293, 295, and 299, Wis. Slats. Completion of this fmm is mandatory. Failure to file this fom1 may 
result in forfeiture of between $ 10  and $25,000, or imprisonment for up to one year, depending on the program and conduct i nvolved. Personally identifiable 
���o��-t�o�

-
-�� this fom1 is not intended to be be used for any other purpose. NOT : See instructions for more information, including where the completed :,a�� , (. 
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State of Wisconsin SOIL BOIUNG LOG INFORMATION 
Department of Natural Resources 

Watcrshcd/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

Fonn 4400-122 Rev. 7-98 

age 0 f I 
Facil ity/Project Name License!Pennit/Monitoring Number Boring Number 

Kewaunee Marsh M2C 
Boring Drilled By: Name of crew chief(first, last) and Finn Date Drilling Started Drilling Completed Mcthod 

Toni Kapugi 
On-Site Environmental Services 3117/201 0  3/17/2010 Geoprobe 

WI Unique Well No. Weii iD  No. Well Name Final Static Water Level Surface Elevation Borehole Diameter 
Feet MSL 584.0 Feet MSL 2 . 1  inches 

Local Grid Origin 0 (estimated: 0 ) or 8o1ing Location C!?J I Local Grid Location 
State Plane 243,998 N, 2,61 6,463 E SICIN Lat __ • __ ' _____ " 

0 N 0 E 
1/4 of \/4 of Section T N. R Long 0 Feet 0 S Feet 0 w 

Facili y ID County Code Civil Town/Cit / or Village 
Kewaunee 3 1  Kewaunee 

Sam Soil 
� E � ll Soil/Rock Description 
ti ::;  "- And Geologic Origin For ti � < � 8 -= � §  "' 0 

_, ,_  3 � Each Major Unit u ;;; 
0 "' fil- oo  0 0 iii Cl " 0 ...J c< ::> 

I 60 PEAT, dark brown to black ( I OYR 3/2), 
cs 30 wet, soft. ,, �  

,, � 
� ,1 

,, � 
0 ,1 
1, 0 
� ,1 
1, � 

2 60 1medium grained, light yellow brown, wet. / 
cs 35 -- -------- ----------- 1, � PEAT, dark brown to black (I OYR 3/2), 

wet, soft. � ,1 
1, � 
� ,1 
1, � 
� ,1 
1, � 

s:ii 1' (oLj;-;,Viti1 sheliS,Ciark -
geenish gray (gley1 4/1), wet, soft. OL 

E.O.B. a t  I 0 feet bgs. 

I hereby certzfy that the mfozmatzon on tlHs fonn IS true and correct to the best of my knowledge . 
Signature Firm RMT, Inc. 

E Cl 
e � ::1' :S: Ci  

744 Heartland Trail Madison, WI 537 1 7  
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� = tj � :-2 ...... 0 g g. .E 8 b3  ::< u  :J :J  
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j �  o. -
0 - E 
0 Cl E N O o  0. « U  

Tel: 608-83 1 -4444 
Fax: 608-83 1 -3334 

TI1is f�rm is a_uthorizcd by Chapters 281 , 283, 289,
_
29 1 ,

_ 
292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this form may 

�esult 111 :orfe1tur� of bet�cen $.1 0 and $25,000, or 1mpnsonment for up to one year, depending on the program and conduct involved. Personally identifiable 
mformat10n on tillS fonn zs not mtcndcd to be be used for any other purpose. NOTE: See instructions for more information, including where the completed form 
should be sent. 21 
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Facility/Project Name License/Permit/Monitoring Number Boring Number '. ~1 
Kewaunee Marsh M2B 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400- 122 Rev. 7-98 

Facility/Project Name 
Kewaunee Marsh 

Watershed/Wastewater D 
Remediation/Redevelopment D 

Waste Management D 
Other 0 

License/Permit/Monitoring Number 
Page I of I 

Boring Drilled By: Name of crew chicf (first, last) and Finn 

Dusty Harvey 
Date Drilling Started 

M2D -�, Date Drilling Completed Method r 

12/8/2009 Geoprobe On-Site Environmental Services 12/8/2009 
Final Static Water Level Surface Elevotion Diameter .' WI Unique Well No. Well ID No. Common Well Name 

Feet MSL 584.0 Feet MSL 2 . 1  inches 
Grid Location l Loca l  Grid Origin D (estimated: 0 ) or Boring Location [:gl I Lat __ ' __ ' D N D E  State Plane 243,983 N, 2,61 6,473 E S /CIN 

1/4 of 
Facility 10 

I 
cs 

2 
cs 

I ben 

GO 
9 

60 
5 1  

� 8 
3 0 

® 

1/4 of Section T N, R Long ' ' Feet 0 S Feet 0 W 

Kewaunee 
County Code Town/City/ or Village 

3 1 Kewaunee 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

PEAT, with organics (wood and root 
mass), dark brown 1 OYR 3/2, moist, soft. 

o:RdANicsrrY(o[)�Wiiiishellsruid _ _  _ 
trace organics, dark greenish gray GLEYl 
4/1, moist, soft. 

E.O.B. at 10 feet bgs. 

"' u "' 
u e � e- � 0 

'• � 
� •' 

'• � 
� •' 

'• � 
� 

'• � 
� •' 

Soil 

� - E o E O' o  « U  

u 
lrmation on this fonn is true and correct to the best of my knowledge. 

Finn RMT, Inc. 
· 744 Heartland Trail Madison, W1 53717 

Tel: G08-83 1 -444� 
Fax: 

1l1is fonn is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this fonn may 
result in forfeiture of between $ 10  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable :r1:��:��o���:l this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more infom1ation, including where the completed �� -: f. 
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State of Wisconsin 
Department of Natural Resources 

Faci l ity/Project Name 
Kewaunee Marsh 

Watershed/Wastewater D 
Rcmcdiation/Rcdcvclopmcnt 0 

Boring Drilled By: Name of crew chief (first, last) and Fim1 

Toni Kapugi 
On-Site Environmental Services 

WI Unique Well No. Wcll lD No. Common Well Name 

Local Grid Origin D (estimated: D } or Boring Location [8J 
State Plane 243,972 N, 2,6 1 6,485 E S I CIN 

\ /4 of \/4of Section T N, R 
Facility !D 

� �  .o ,__ � § 
" 8 � 

Kewaunee 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

SOIL BORING LOG INFORMATION 

Waste Management D 
Other 0 

Form 4400- 1 22 Rev. 7-98 

Page 1 of 1 
License/Permit/Monitoring Number Boring Number 

M2E 
Date Drilling Started Drilling Completed Drilling Method 

3/1 7/201 0  3/1 7/201 0  Geoprobe 
Final Static Water Level Elevation Diameter 

Feet MSL 584.0 Feet MSL 2. I inches 

Lat --" --' 
0 N 0 E I Grid Location 

Long 
" ' Feet D S Feet D W 

County Code Civil Town/City/ or Vi llage 

3 1 Kewaunee 

u "' e- � 
9 
� 0 

Soil 

0 0 N 
o-

GO 
cs 24 

PEAT, dark brown to black ( lOYR 3/2), 
wet, soft. � 

2 
cs 

GO 
3G 

I medium grained, light brown, wet. 1 PEAT ;-ctark ilroWI1\o-bTack-(lOYR 3Fi)-: -
wet, soft. 

6R:cXNl:c siLT (6Lj,-Witl1 
gray (gleyl 4/1), wet, soft. 

E.O.B. at 10 feet bgs. 
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� 
� 

� 
� •' 

� 
� 

� 

� 
� 

� 
� 

� 
� 

� 
� 

� 
� 

I hereby certify that the infonnation on this fonn is true and correct to the best of my knowledge. 
Signature Firm RMT, Inc. 

744 Heartland Trail Madison, WI 53717 
Tel: G08-83 1 -4444 
Fax: G08-83 1 -3334 

l11is fom1 is authorized by Chapters 28 1 , 283, 289, 29 1 , 292, 293, 295, and 299, Wis. Stats. Completion of this fo1m is mandatmy. Failure to file this fom1 may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
infonnation on this form is not intended to be be used for any other purpose. NOTE: See instmctions for more infonnation, including where the completed form �- � �  � 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

SOIL BORING LOG INFORMATION 
Form 4400-122 Rev. 7-98 .. , , . 

· r  l �  
Page I of I 

� .. ,, 
Feet MSL 584.0 Feet MSL 2.1 inches 

State Plane 243,943 N, 2,616,51 1  E S IC IN Lat --' --' 0 N 0 E 
Local Grid Origin 0 (estimated: D ) or Boring Location 1ZJ I Grid Location ' .. -1 l/4 of 1/4 of Section T N, R Long 0 1 Feet D S Feet 0 W 

', ·1 l i  
� I " "" " g_  . ,., .o ,_.  

� 0 u 
� ..Q 

SoiVRock Description � 111 !. , l : And Geologic Origin For 
cn 0 ·� -5 � .... b C 

<5 Each Major Unit u :E � � B 00 - :� >< o -.. E 
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greenish gray (gleyl 4/1), soft, wet. 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Facili ty/Project Name 
Kewaunee Marsh 

Boring Drilled By: Name of crew chief (first, last) and Finn 
Dusty Harvey 
On-Site Environmental Services 

WI Unique Well No. 

Local Grid Origin 
State Plane 

114 of 
Facili ty ID 

� �  j " g_  _g �  -5 � u 
§ -g  � � � 0 z �  iii 

DNR Well ID No. Common Well Name 

0 (estimated: 0 ) or Boring Location t8J 
243,995 N, 2,616,487 E SIC IN 

1/4 of Section T N, R 

Kewaunee 

;; SoiVRock Description 
.::: And Geologic Origin For .= -5 Each Major Unit 

g 

SOIL BORING LOG INFORMATION 
Fonn 4400-l 22 Rev. 7-98 

Waste Management 0 
Other 0 

Page I of I 
License/Pennit/Monitoring Number Boring Number 

Date Drilling Started Date Drilling Completed 

1 2/8/2009 1 2/8/2009 
Final Static Water Level Surface Elevation 

Feet MSL 583.0 Feet MSL 

I Grid Location 
La< __ " __ ' 0 N 

Long 0 ' Feet O S  
County Code Civil Town/City/ or Village 
3 1 Kewaunee 

Method 

Geoprobe 
Borehole Diameter 

2.1 inches 

0 E 
Feet 0 W 

Soil 

"' u E u "' 
:c = � e �  

" 
� 0 0 "' "" 

0 0 - E; Q E O' o  o: u  I 60 
cs 24 

PEAT, witl1 organics (wood and root 

2 
cs 

60 
36 

mass), dark brown I OYR 3/2, moist, soft. 

6R"oAN!csrfYcof:fWlih slieliS ru1d- - -
trace organics, dark greenish gray GLEY I 
411, moist, soft. 
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OL 

E.O.B. at 1 0  feet bgs. 8 � 
E.O.B. at 10 feet bgs. 
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Firm RMT, Inc. Tel: 608-831-4444 

744 Heartland Trail Madison, WI 53717 Fax: 608-83 1 -3334 u 
This fc haptcrs 281, 283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the p�gram and conduct involved. Personally identifiable 
infonnation on this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more inf01mation, including where the completed fona() � ( 

� l . § I hereby cen1fy that the mfonnauon on this form is true and correct to tl1e best of my knowledge. 9 Si nature Fim1 RMT, Inc. Tel• 608-831 -4444 
Fax: 608-831 -3334 i . � 744 Heartland Trail Madison, WI 53717 

� TI1is fonn is authorized by Chapters 281 ,  283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this fonn may � result in forfeiture of between SJO and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable � information on this fonn is not intended iO be be used for any other purpose. NOTE: See instructions for more information, including where the completed fo1m 
� should be sent. 31 

Facility/Project Name License'Pcm,it/Monitoring Number Boring Number 

Kewaunee Marsh M2F 
Boring Drilled By: Name of crew chicf(first, last) and Firm Date Dri lling Started \Date Dri lling Completed I Drill ing Method 

ToniKapugi 
On-Site Environmental Services 3/17/2010 3/1 7/2010 Geoprobe 
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State of Wisconsin 
Department of Natural Resources 

SOIL BORING LOG INFORMATION 
Form 4400-122 Rev. 7-98 1 1 

Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 

Other 0 . I  l . 
Page 1 of 1 

Fac i lity/Project Name License/Permit/Monitoring Number 

M
4D 

Kewaunee Marsh 
Boring Drilled By: Name of crew chief (first, last} and Finn 

Dusty Harvey 
On-Site Environmental Services 

WI Unique Well No. DNR Weii iD No. Well Name 

Local Grid Origin 0 (estimated: or Boring Location 

State Plane 244,003 N,  2,616,502 E S I C  IN 
1/4 of l/4 of Section · N, R 

Facility fD County 

Kewaunee 

Date Drilling Started Date Drilling Completed 

1 2/8/2009 1 2/8/2009 
Final Static Water Level Elevation 

I 
Feet MSL 583.0 Feet MSL 

Lat __ o __ ' 0 N 

Local Grid Location 

Long 
0 1 

Feet 0 S 

County Code Civil Town/City/ or Village 

31  Kewaunee 

Drilling Method 

Geoprobe 
Borehole Diameter 

2. 1  inches 

0 E 
Feet 0 

Soil 
cid �  � SoiVRock Description ·� � �  And Geologic Origin For 0 'ii � < � 8 "' u 8 [� � c " C.  :g � _8 �  -5 � Each Major Unit u � .-g � :E ..... 0 �!) 8 � = !;;, E u g. ·

s 0 "' � cS  0 b � 8  12 -g  N u u :J ;J  "' U w  "' - "' o: u  
60 PEAT, with organics (wood and root 

cs 6 mass), dark brown 10YR 3/2, moist, soft. 1, � 

t, � 
� ,1 

1, � 
� ,1 
t, � 
� ,1 

1, � 

2 60 

,, � 

cs 54 ,, � 

1, � 

ORGANIC sr[f(6I:);-Wlili sheiiS lliid- - -
trace organics, dark greenish gray GLEY 1 
4/l, moist, soft. 

OL 

1 0  E.O.B. at 1 0  feet bgs. 

fom1ation on this form is true and correct to the best of my knowledge. 
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Firm RMT, Inc. Tel: 608-831 -4444

.

\ 744 Heartland TrJil Madison, WI 5371 7  Fax: 

Thi! • Chapters 281 , 283, 289, 2 9 1 , 292, 293,295, and 299, Wis. Stats. Completion of this form is mandatmy. Failure to file this f01m may 
· 

resuh ... - - · · - · - - · - __ __ ,..veen $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this fonn is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fl., ; t 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Fonn4400-122 Rev. 7-98 

Route To: Watershcd!Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

Page 1 of 1 
Facility/Project Name 

Kewaunee Marsh 
License/Pem1it/Monitoring Number Number 

MSA 
Boring Drilled By: Name ofcrcwchief (first, last) and Finn 

Toni Kapugi 
Date Drilling Started Date Drilling Completed Method 

3/17/2010 3117/201 0  Geoprobe On-Site Enviromnental Services 
WI Unique Well No. 

Local Grid Origin 

State Plane 

1/4 of 
Facility ID 

I 
cs 

2 
cs 

GO 
JO 

GO 
55 

Well 10 No. Common Well Name Final Static Water Level Surface Elevation Diameter 

Feet MSL 582.0 Feet MSL 2.1 inches 
0 (estimated: 0 ) or Boring Location 18) 

Lat __ o __ ' 
0 N I Grid Location 

244,064 N, 2,616,488 E S / C / N  

l/4 of Section T N, R Long 0 
' 

Feet 0 S 
Code Civil Town/City/ or Vi llage 

Kewaunee 3 1  Kewaunee 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

PEAT, dark brown to black (10YR 3/2), 
wet, soft. 

ORGANIC (6L),-wltil sheHs,dark 
greenish gray (gley1 4/1), wet, soft. 
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I hereby cert1fy that the mfom1at1on on th1s fonn 1s true and correct to the best of my knowledge. 

Signature Fim1 RMT, Inc. 
744 1-Ieart\and Trail M11dison, WI 537 1 7  

Tel: 608-8 1 1 -4444 
Fax: 608-83 1-3334 

TI1is form is authorized by Chapters 281 , 283, 289, 291 ,  292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this form may 
result in forfeiture ofbctwccn $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
infom1ation on this form is not intended to be be used for any other purpose. NOTE: Sec instructions for more information, including where the completed form 
should be sent. 23 
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State of Wisconsin 
Department of Natural Resources 

Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 

Other 0 

SOIL BORING LOG INFORMATION 
Form 4400-122 Rev. 7-98 I l ,  

f L 
Faci lity/Project Name 

Kewaunee Marsh 
Boring Drilled By: Name of crew chief (first, last) and Fim1 

Toni Kapugi 
On-Site Environmental Services 

WI Unique Well No. 

Local Grid Origin 
State Plane 

1 /4 of 
Facility lD 

� 0 8 ' P-o ,.,  .O f-<  � 5 g ...J c< 

Weii iD No. Well Name 

0 (estimated: 0 ) or Boring Location � 
244,048 N, 2,616,501 E S I C IN 

-5 fr Q 

1/4 of Section T N, R 

Kewaunee 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

Page I of I 
License/Pem1it/Monitoring Number Number 

MSB 
Date Drilling Started Date Drilling Completed Drilling Method 

311 7/2010 3/17/201 0  Geoprobe 
Final Static Water Level Elevation Borehole Diameter 

Feet MSL 582.0 Feet MSL 2. 1  inches 

Lat __ • __ ' 0 N 0 E I G1id Location 

Long 0 ' Feet 0 S Feet D W 
County Code Civil Town/City/ or Village 

Kewaunee 

"' 
u "' 
;:J 

u :2 " 
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() 
bO � 

Soil 

- e Q E CY o  c< (.)  
60 

cs 26.4 
PEAT, dark brown to black (I OYR 3/2), 
wet, soft. ,, � 

2 
cs 

60 
55 

Styrofoam cap material observed at 3 feet 
bgs. 

ORGANic SheHs,- - - -
greenish gray (gley1 411), wet, soft. 
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E.O.B. at 10 feet bgs. 
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Firm RMT, Inc. Tel: 608-83 1-4444: 1. 
� 1l1is form is authorized by Chapters 281 , 283, 289, 291, 292, 293, 295, and 299, Wis. Slats. Completion of this form is mandatory. Failure to file this form may m result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable llj � on this form is not intended to be be used for any other purpose. NOTE: See instructions for more infornmtion, including where the completed f��,
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources 

Watershed/Wastewater 0 

Remediation/Redevelopment 0 
Waste Management 0 
Other 0 

Form 4400- 122 Rev. 7·98 

Page I of I 
Facility/Project Name 

Kewaunee Marsh 
License/Permit/Monitoring Number Boring Number 

Boring Dtilled By: Name of crew chief(first, last) and Firm 
Toni Kapugi 
On-Site Environmental Services 

Wl Unique We!! No. 

Local Giid Origin 
State Plane 

t/4 of 
Faci lity ID 

Well iD No. Well Name 

0 (estimated: 0 ) or Boring L cation [8J 
244,033 N, 2,61 6, 5 12  E S I C I N  

1 /4  of Section T N, R 

Kewaunee 

Date Drilling Started 

3/17/201 0  
Final Static Water Level 

Feet MSL 

Date Drilling Completed 

311 7/201 0  
Surface Elevation 

582.0 Feet MSL 

I Grid Location 
Lat __ • __ ' 0 N 

Long 
0 ' Feet 0 S 

Code Civil Town/City/ or Vi !luge 
3 1 Kewaunee 

MSC 
Method 

Geoprobe 
Diameter 

2.1 inches 

D E  
Feet 0 W 

<il E"  
Soil 

I cs 

2 
cs 

60 
26 

60 
28 

1 0  

Soil/Rock Description 
And Geologic Origin For 

Each Major Unit 

PEAT, dark brown to black (I OYR 3/2), 
wet, soft. 

Styrofoam cap material present at 3.5 feet 
bgs. 

ORGANIC SILT (OL), with shells, 
greenish gray (gley1 411), wet, soft. 

E.O.B. at I 0 feet bgs. 
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I hereby ccrtrfy that the tnfonnation on this fom1 is true and correct to the best of my knowledge. 
Signature Finn RMT, Inc. 
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l11is form is author zed by Chuptcrs 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this form may 
result in forfeiture of between $1 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: Sec instructions for more information, including where the completed f01m �� � �  � 
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment 0 

Waste Management 0 
Other 0 

SOIL BORING LOG INFORMATION 
Foml 4400-1 22 Rev. 7-98 

age of 1 
Facility/Project Name License!Pennit/Monitoring Number Boring Number · .

. 1 
Dusty Harvey 
On-Site Environmental Services 12/8/2009 12/8/2009 Geoprobe :··�-

WI Unique Well No. Wcl1 ro No. Well Name Final Static Water Level Surface Elevation Borehole Diameter . . 

Feet MSL 582.0 Feet MSL 2.1 inches 
Local Grid Origin .0 (estimated: 0 ) or Boring Location [8J 

Lat __ • __ ' _____ " O N I Local Grid Location 
State Plane 244,013 N, 2,616,521 E S / C / N  

1/4 o f  1/4 o f  Section T N, R Long • Feet 0 S 
facility fD 

" " C.  " "' .o ,_.  § -g z �  
I 

cs 

2 
cs 

o<l E'  
:::: :;; < � -5 � g;o 8 " " ....t t:< 
60 
1 2  

60 
48 

§ 
0 
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,s g 
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Kewaunee 
Code Civil Town/City/ or Village 

3 1  Kewaunee 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

PEAT, with organics (wood and root 
mass), dark brown 1 OYR 3/2, moist, soft. 

ORGANIC srr:no[f W!ih shells anct- - 
trace organics, dark greenish gray GLEYI 
4/1, moist, soft. 
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�o--------
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744 Heartland Trail Madison, WI 537 1 7  Fax: 608-83 1 -3334, � This f�m1 is �""''""" .. '""'"' '-'1 ._u<�p•t::I S  2 8 1 ,  283, 289, 291,  292, 293, 295, and 299, Wis. Stats. Completion of this fom1 is mandatory. Failure to file this fonn may \.,_ m :csult m ofbct�een $.1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable � mformat1on on fonn 1s not mtendcd to be be used for any olher purpose. NOTE: See instructions for more infonnation, including where the completed fmm · 1· < should be sent. .3ft> '· 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Fonn 4400-1 22 Rev. 7-98 

Route To: Watershed/Wastewater 0 
Remcdiation/RCdcvelopmcnt D 

Waste Management 0 
Other D 

Page I of 2 
Facility/Project Name 

Kewaunee Marsh 
Boring Drilled By: Name of crew chief (first, last) and Firm 

Toni Kapugi 
On-Site Environmental Services 

WI Unique Well No. Wcll lD No. Well Name 

Local Grid Origin 0 (estimated: 0 ) or Boring Location ('gl 
State Plane 243,998 N, 2,616,528 E S / C/N 

Facility ID 
1/4 of 1/4 of Section T N, R 

Kewaunee 

LicenseiPennit/Monitoring Number Boring Number 

Date Drilling Started 

3/17/2010 
Final Static Water Level 

Feet MSL 

Date Drilling Co
�

pleted 

3/17/2010 
Surface Elevation 

582.0 Feet MSL 

I Local Grid Location 
Lat __ • __ ' -----" 0 N 

Long __ 0 __ ' _____ " Feet D S 
Code Civil Town/City/ or Village 

3 1  Kewaunee 

MSE 
Drilling Method 

Geoprobe 
Diameter 

2.1 inches 

0 E 
Feet 0 W 

Soil 
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60 
30 

60 
60 

60 
60 

� 
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,s 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

PEAT, dark brown to black ( I  OYR 3/2 ), 
wet, soft. 

ORGANIC sii T (6L},-w!ti1 shells,ctaik -
greenish gray (gleyl 411), wet, soft. 
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I hereby cert1fy that the 1nfom1ation on this form is true and correct to the best of my knowledge. 
Signature Firm RMT, Inc. 
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744 Heartland Trail Madison, WI 537 1 7  
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Tel: 608-831 -4444 
Fax: 608-831 -3334 

·n,is form is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fonn is mandatory. Failure to file this form may 
result in forfeiture of between $ 1 0  and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
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State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 Rev. 7-98 " l  

l 

WI Unique Well No. 

Local Grid Origin 
State Plane 

1 /4 of 
Facility ID 

t � .o ,_.. ��  
I 

cs 

2 
cs 

I hereby 

� 8  
48 
14.4 

48 
24 

� 8 � a; 

Route To: Watershed/Wastewater 0 

Remediation/Redevelopment 0 
Waste Management 0 
Other 0 

Page I of I 

DNR Well ID No. Common Well Name Final Static Water Level Surface Elevation Borehole Diameter j 
Feet MSL 582.0 Feet MSL 2. 1  inches 

0 (estimated: 0 ) or Boring Location [8J Local Grid Location 
244,007 N, 2,616,581 E  S / C/ N  I Lat __ o __ ' --" 0 N 0 E 

1/4 of Section T N, R Long 0 __ ___ Feet 0 S Feel 0 W 
County 

Kewaunee 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

County Code 

PEAT, dark brown to black (IOYR 3/2), 
wet, soft. 

"' u "' 

Civil Town/City/ or Village 

Kewaunee 

Cl � B 6 ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, ,, � 
� ,, 

Soil 

ORGANIC SILT (OL), wit shells, dark 
gray (gleyl 4/l), moist, soft. iJ 

E.O.B. at 8 feet bgs. 

__ jJ 
�l 

ation on this form is true and correct to the best of my knowledge. 
Signatun Firm RMT, Inc. Tel: 

744 Heartland Trail Madison, WI 537t7 Fa"' 

This fom1 is authorized by Chapters 281 ,  283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to file this fotnl may 
result in forfeiture of between $10 and S25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this fom1 is not intended to be be used for any other purpose. NOTE: See instructions for more information, including where the completed fonn 
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State of Wisconsin 
Department of Natural Resources 

Facility/Project Name 

Kewaunee Marsh 

Route To: Watershed/Wastewater D 
Remediation/Redevelopment D 

Boring Drilled By: Name of crew cbief (first, last) and Firm 

Toni Kapugi 
On-Site Environmental Services 

WI U nique Well No. Wcii iD No. Common Well Name 

Local Grid 01igin 0 (estimated: 0 ) or Boring Locution [8J 
State Plane 244,006 N, 2,61 6,623 E S / C/N 

l/4 of 1/4 of Section T N, R 
Facil i ty rD 

t) � .o ,_  5 @  
-.; � -" u � � 

0 fr 
Cl 

Kewaunee 

SoiVRock Description 

And Geologic Origin For 

Each Major Unit 

SOIL BORING LOG INFORMATION 

Waste Management 0 

Other 0 

Fonn 4400-122 Rev. 7*98 

Page 1 of 
LicenseiPemlit/Monitoring Number Boring Number 

M?E 
Date Drilling Started Drilling Completed Method 

3/17/2010 3117/2010 Geoprobe 
Final Static Water Level Elevation Borehole Diameter 

Feet MSL 582.0 Feet MSL 2 . 1  inches 

Lat --0 --' 0 N D E I Grid Location 

Long __ 0 __ ' Feet 0 S Feet 0 W 
County Code Civil Town/City/ or Village 

3 1 Kewaunee 

"' "' 6 
Cl 
u: 

u > -� e -=  � ""  E 5 0 b U tn  
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0 0 N 
._ 

48 
cs 24 

PEAT, dark brown to black (IOYR 3/2), 
wet, soft. � 

� ,, ,, � 

� ,, ,, � 

� ,, ,, � 

� ,, 
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cs 24 � ,, ,, � 
� ,, ,, � 
� ,, ,, � ,, 0 

E.O.B. at 8 feet bgs. 
,,,, ,, 

I hereby certify that the infom1ation on this form is true and correct to the best of my knowledge. 

Signature Firm RMT, Inc. 
744 Hea11land Trail Madison, Wl 537 1 7  

Tel: 608-83 1 -4444 
Fax: 608-83 1 -3334 

ll1is form is authorized by Chapters 28 1 ,  283, 289, 291, 292, 293, 295, and 299, Wis. Stats. Completion of this form is mandatory. Failure to fi!e this form may 
result in forfeiture of between S I 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable 
information on this form is not intended to be be used for any other purpose. NOTE: Sec instructions for more information, including where the completed fom1 
should be sent. 4 1  
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State of Wisconsin 
Department of Natural Resources 

Route To: Watershed/Wastewater 0 
Remediation/Redevelopment D 

Facility/Project Name 
Kewaunee Marsh 

Boring D illed By: Name of crew chief (first, last) and Firm 
Toni Kapugi 
On-Site Enviratunental Setvices 

WI Unique Well No. Well /D No. Well Name 

Local Grid Origin 0 (estimated: 0 ) or Boring Location 1ZJ 
State Plane 244,004 N, 2,616,670 E SIC IN 

1/4 of 1 14 of Section N, R 

SOIL BORING LOG INFORMATION 
Fonn 4400-122 Rev. 7-98 

Waste Management D 
Other 0 

Page I of I 
License/Pemlit/Monitoring Number Bor ng Number 

Date Drilling Started Drilling Completed 

3/17/201 0  3117/201 0  
Final Static Water Level Elevation 

Feet MSL 582.0 Feet MSL 

I Grid Location 
Lat __ o __ ' 0 N 

Long o '  Feet O S  

M8E 
Method 1 

Geoprobc 
Diameter ·1 

2.1  inches 

D E  
Feet 0 W 

Facility rD ·.I 
'i! 8 � �  .o ,_.  � g  � § .,  

48 
cs 22.5 

2 48 
cs 43.2 

v � 
" .;g_ 

7 

8 

SoiVRock Description 
And Geologic Origin For 

Each Major Unit 

As above, wet. 

E.O.B. at 8 feet bgs. 

r: 
' ) 

: ,.1 

J 
. I . 

I 1_1 

1\ 0 ·'· § . 

I ,  

State of Wisconsin SOIL BORING LOG INFORMATION 
Department of Natural Resources Form 4400-122 Rev. 7-98 

Route To: Watershed/Wastewater 0 

Remediation/Redevelopment 0 
Waste Management 0 

Other D 
Page of 1 

Faci l i ty/Project Name License/Permit/Monitoring Number Number 
M

9
F Kewaunee Marsh 

Boring Drilled By: Name of crew chicf(first, last) and Firm 
Toni Kapugi 
On-Site Envirmunental Services 

WI Unique Well No. Wcll !D No. Well Name 

Local G1id Origin 0 (estimated: O J  or Boring Location [81 
State Plane 243,969 N, 2,616,703 E S/C/N 

1/4 of  1/4 of Section N, R 
Facility ID 

Kewaunee 

Date Dri1\ing Started Drilling Completed 

3/17/201 0  3117/2010 
Final Static Water Level Surface Elevation 

I 
Feet MSL 582.0 Feet MSL 

Lat --' __ ' 0 N 
Grid Location 

Long o ' Feet 0 S 
County Code Civil Town/City/ or Village 
3 1  Kewaunee 

Method 

Geoprobe 
Borehole Diameter 

2. 1 inches 

0 E 
Feet 0 IV 

Soil 

� :[  � Soil/Rock Description 
::: -o � And Geologic Origin For � �  <( � 0 " "' �0 � u Each Major Unit .o ,_.  � -5 u � �  � -g  0 u fr "' u u Cl ::> 0 ->  
48 PEAT, dark brown to black (I OYR 3/2), 

cs 14.4 wet, soft. t, � 

I Cap material present from 1 - 1 .3 feet bgs. '' 0 

2 
t, � 

3 t, � 

4 As above very wet from 4-6.5 feet bgs. 
t, � 2 48 � �  cs 43.2 
t, 0 

'' 0 

1, 0 

'' 0 

E.O.B. at 8 feet bgs. 
,1 11 ,1 

I hereby certify that the information on this fonn is true and COITCCI to the best of my knowledge. 
Signature Fim1 RMT, Inc. 

::; Cl i!; � � � ::< o  

744 Heartland Trail Madison, Wl 537 1 7  

., e � � t: :".:! .... E �  t;; � & ·e 8 �  � 8  � ;:j  
:� � £ ]  - E � Cl E O o  0. c< u  

Tek 608-83 1 -4444 
Fa" 608-83 1 -3334 

This form is authorized by Chapters 28 1 ,  283, 289, 29 1 ,  292, 293, 295, and 299, Wis. Stats. Completion of this fom1 is mandatory. F<1ilure to file this form may 
result in forfeiture of between $1 0 and $25,000, or imprisonment for up to one year, depending on the program and conduct involved. Personally identifiable l '. infom1ation on this form is not intended to be be used for any other purpose. NOTE: See inslntctions for more information, including where the for111 
should be sent. 
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OPINION OF PROBABLE COST 
WDNR · KEWAU NEE MARSH HOT SPOT R EMEDIATION 

KEWAUNEE, WI 

PROJECT NO. 02085.21 .001 

OPTION 1 a: IN SITU TREATMENT 
ITEM UN IT U NIT COST 

DI RECT CAPITAL COSTS 

Mobilization Is $30,000 

Site Preparation Is $67,500 

Mixing of treatment chemicals week $46.750 

Treatment Chemicals 

- Ferric sulfate tons $600 

- limestone tons $50 

- Peroxide (50%) gallon $5 

- Bentonite tons $275 

Top Soil and Seed (Marsh Area) sf $ 1 .65 

Fence Restoration Is $ 1 0,000 

Bike Path Restoration Is $50,000 

Demobilization Is $ 1 5,000 

Monitoring Well Construction well $2,500 

SU BTOTAL OF DI RECT CAPITAL COST 

30 % CONTINGENCY % 30% 

INDIRECT CAPITAL COSTS 

Project management/administration Is $20,000 

Plans and Specifications Is $30,000 

Subcontracting Is $25,000 

Permitting Is $ 1 0,000 

Co nstruction oversight wk $7,500 

Documentation reporting Is $1 5,000 

SUBTOTAL OF INDIRECT CAPITAL COSTS 

SUBTOTAL OF DIRECT AND IND IRECT CAPITAL COSTS 

FIRST YEAR OF GROU N DWATER MONITORING - SEMI-ANNUAL 

Project management/administration hr $ 1 9 5  

Groundwater sampling ( 4  wells, 2 times/yr) hr $100 

Field equipment/expenses Is $ 1 ,000 

Lab - As, Fe, S04 . pH , Calcium each $100 

Data evaluation hr $130 

Reporting hr  $ 1 30 

SUBTOTAL OF FIRST YEAR OF MONITORING 

30 % CONTINGENCY % 30% 

SU BTOTAL OF CAPITAL A N D  FIRST YEAR COSTS 

QTY TOTAL 

1 $30,000 

1 $67,500 

5 $233,750 

300 $ 1 80,000 

200 $ 1 0 ,000 

1 ,000 $4,600 

600 $ 1 65,000 

30,000 $49.500 

1 $ 1 0,000 

1 $50,000 

1 $ 1 5,000 

4 $ 1 0,000 

$825,350 

$247,605 

1 $20,000 

1 $30,000 

1 $25,000 

1 $ 1 0 ,000 

6 $45,000 

1 $1 5,000 
$ 1 4 5 ,000 

$ 1 ,21 7,955 

20 $3,900 

50 $5,000 

1 $ 1 ,000 

8 $800 

20 $2,600 

30 $3,900 

$1 7,200 

$5. 1 60 

$ 1 , 240,315  
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OPINION OF PROBABLE COST 

WDNR - KEWAU NEE MARSH HOT SPOT REMEDIATION 

KEWAUNEE, WI 

PROJECT NO. 02085.21 .001 

OPTION 1 a :  IN SITU TREATMENT 
ITEM UNIT UNIT COST 

FUTURE ANNUAL COSTS 

MONITORING COSTS (ANNUAL - YEARS 2-20} 

Project management/administration hr $1 95 

Groundwater sa mpling (4 wells, once/yr) hr $ 1 00 

Field equipment and expenses Is $500 

Lab - As, Fe, S04, pH . Calcium each $ 100 
Data evaluation h r  $ 1 00 

Reporting hr $ 1 30 

SUBTOTAL FOR ANNUAL GROUNDWATER MONITORING 

30 % CONTINGENCY % 30% 

PRESENT WORTH OF ANNUAL MONITORING 1 9  years @ 

TOTAL COST (TOTAL CAPITAL + PRESENT WORTH) 

ASSUMPTIONS: 

1. Costs rounded up to the nearest ten thousand dollars. 

2. Costs determined from experience and estimates from other similar projects. 

3. Contingency is assumed to be 30% of direct capital costs, monitoring costs, and annual O&M. 

4. Indirect costs do not include legal fees or public relations assistance. 

QTY TOTAL 

1 5  $2,925 

25 $2,500 

1 $500 

4 $400 

1 0  $1 ,000 

20 $2,600 

$9,925 

$2,978 

3% $1 84,81 3 

Total $1 ,430,000 

+ 50% $2,150,000 

- 30% $1 ,000,000 

Prepared By: A. Sellwood 

5. Interest rate 3%; the balance of an B% interest rate less a 5% inflation rate, based on EPA approach lor remedial cost est imating. 

6. All costs are based on preliminary concepts. They are intended for remedial option comparison and not for final budgeting. 

REMEDIATION NOTES; 

1. Mobilization includes the mobilization of equipment. swamp mats. chemicals and job trailer to the site. 

2. Site preparation includes removal of 100 LF of existing chain link fence. installation of approximately 4500 LF of silt fence, and 

set up of a site trailer and construction of a site laydown area for storage of equipment and materials at the intersection of the 
road and bike path. Assumes existing bike path can be used as access road. 

3. In situ treatment includes construction of a temporary access ramp to the marsh and assumes treatment of approximately 

500 CYiday with the specified chemicals. 

4. Bike path restoration includes backfilling the excavated area and grading up to 2,000 cy of gravel over the section of path 

used by trucks to access the site. 

5. Site restoration includes repair of the 100 LF of chainlink fence and application of G-inches of top soil and seed to tile marsh. 

It  does not include wetlands restoration. 
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OPINION OF PROBABLE COST 

WDNR · KEWAUNEE MARSH HOT SPOT REMEDIATION 

KEWAUNEE,  WI 

PROJECT NO. 02085.21 .001 

OPTION 1 8 : IN SITU TREATMENT 
ITEM UN IT UNIT COST 

D I R ECT CAPITAL COSTS 
Mobil ization Is $30,000 

Site Preparation Is $50,000 

Mixing of treatment chemicals week $46,750 

Treatment Chemicals 
- Ferric sulfate tons $600 

- Limestone tons $50 

- Peroxide (50%) g a l lon $5 

- Bentonite tons $275 

Top Soil and Seed (Marsh Area) sf $ 1 .65 

Fence Restoration Is $ 1 0,000 

B ike Path Restoration Is $50,000 

Demobilization Is $ 1 5,000 

Well Construction well $2,500 

SUBTOTAL OF DI RECT CAPITAL COST 

3 0  % CONTINGENCY % 30% 

INDIRECT CAP ITAL COSTS 
Project management/ad min istration Is $ 1 5,000 

Plans and Specifications Is $20,000 

Subcontracting Is $20,000 

Permitling Is $1 0,000 

Construction oversight wk $7 , 500 

Documentation reporting Is $ 1 0.000 

SUBTOTAL OF INDI RECT CAPITAL COSTS 

S U BTOTAL O F  DIRECT AND INDIRECT CAPITAL COSTS 

F I RST YEAR OF G ROUNDWATER MONITORING - SEMI-ANNUAL 

Project management/administration hr $ 1 95 

Groundwater sampling (3 we ll s , 2 times/yr) hr $ 1 00 

Field equipment/expenses Is $ 1 ,000 

Lab - As, Fe, S04, pH , Calcium each $ 1 00 

Data evaluation hr $ 1 30 

Reporting hr $ 1 30 

S U BTOTAL OF FIRST YEAR OF MONITORING 
3 0  % CONTINGENCY % 30% 

S U BTOTAL OF CAPITAL AND FI RST YEAR COSTS 

QTY TOTAL 

1 $30,000 

1 $50,000 

2 $93,500 

70 $42,000 

50 $2,500 

300 $ 1 ,380 

1 60 $44,000 

1 2 ,000 $1 9,800 

1 $1 0,000 

1 $50,000 

1 $1 5,000 
3 $7,500 

$365,680 

$ 1 09,704 

1 $1 5,000 

1 $20,000 

1 $20,000 

1 $1 0,000 

3 $22,500 

1 $1 0,000 

$97,500 

$572,884 

20 $3,900 

40 $4,000 

1 $ 1 ,000 

6 $600 

20 $2,600 

30 $3,900 

$16.000 

$4,800 

$593,684 
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OPI N ION OF PROBABLE COST 

WDNR · KEWAUNEE MARSH HOT SPOT REM EDIATION 

KEWAUN EE, WI 

PROJECT NO. 02085.21 .001 

OPTION 1 8: IN SITU TREATMENT 

ITEM UNIT U NIT COST 

FUTURE ANNUAL COSTS 

MONITORING COSTS (ANNUA L - YEARS 2- 20) 

Project m anagement/administration hr $1 95 

G roundwater sam pling (3 wells, once/yr) hr $ 1 00 

Field equipment and expenses Is $500 

Lab - As. Fe, S04. pH . Calcium each $ 1 00 

Data evaluation hr $ 1 00 

Reporting hr $ 1 30 

SUBTOTAL FOR ANNUAL GROUNDWATER MONITORING 

3 0 % CONTI NGENCY % 30% 

PRESENT WORTH OF ANNUAL MONITORING 1 9  years @ 

TOTAL COST (TOTAL CAPITAL + PRESENT WORTH) 

ASSUMPTIONS: 

1. Costs rounded up to the nearest ten t110usand dollars. 

2. Costs determined from experience and estimates from other similar projects. 

3. Contingency is assumed to be 30% of direct capital costs, mon itoring costs, and annual O&M. 

4. Indirect costs do not include legal fees or public relations assistance. 

QTY TOTAL 

1 5  $2,925 

25 $2,500 

1 $500 

3 $300 

1 0  $1 ,000 

20 $2,600 

$9,825 

$2,948 

3% $1 82,951 

Total $780,000 

+ 50% $ 1 , 1 70,000 

· 30% $550,000 

Prepared By: A. Sellwood 

5. Interest rate 3%: the balance of an 8% interest rate less a 5% innation rate, based on EPA approach for remedial cost estimating. 

6. All costs are based on preliminary concepts. They are intended for remedial option comparison and not for final budgeting. 

REMEDIATION NOTES: 

1. Mobilization includes the mobilization of equipment. swamp mats, chemicals and job trailer to the site. 

2. Site preparation includes removal of 1 00 LF of existing chain link fence, instal lation of approximately 4500 LF of silt fence, and 

set up of a site trailer and construction of a site laydown area for storage of equipment and materials at the intersection of the 

road and bike path. Assumes existing bike path can be used as access road. 

3. In situ treatment includes construction of a temporary access ramp to the marsh and assumes treatment of approximately 

500 CY/day with the specified chemicals. 

4. Bike path restoration includes backfilling the excavated area and grading up to 2,000 cy of gravel over the section of path 

used by trucks to access the site. 

5. Site restoration includes repair of the 1 00 LF of chainlink fence and application of 6-inches of top soil and seed to the marsh. 

It does not include wetlands restoration. 

@ Go. 
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OPINION OF PROBABLE COST 

WDNR · KEWAUNEE MARSH HOT SPOT REMEDIATION 

KEWAUNEE, WI 

PROJECT NO. 02085.21 .001 

OPTION 2: IN SITU WITH ON-SITE CONTAINMENT 
ITEM UNIT UNIT COST 

DIRECT CAPITAL COSTS 

Mobilization Is $30,000 

Site Preparation Is $67 ,500 

Mixing of treatment chemicals week $46,750 

Treatment Chemicals 

• Ferric sulfate tons $600 
· Limestone tons $50 

· Peroxide (SO%) gallon ss 
Excavation and placement on cap cy $ 3 5  

Backfill and Seed (Marsh excavation) cy $4 5  

Top Soil a n d  Seed (Capped Area) sf $ 1 .65 
Fence Restoration Is $ 1 0,000 

Bike Path Restoration Is $ 80,000 

Demobilization Is $1 5,000 

Monitoring Well Construction well $2,500 

S UBTOTAL OF DIRECT CAPITAL COST 

30 % CONTINGENCY % 30% 

INDIRECT CAPITAL COSTS 

Project managemenlladministration Is $25,000 

Plans and Specifications Is $45,000 

Subcontracting Is $25,000 
Permitting Is $20,000 

Construction oversight wk $7,500 

Documentation reporting Is $25,000 
SUBTOTAL OF INDIRECT CAPITAL COSTS 
SUBTOTAL OF DIRECT AND INDIRECT CAPITAL COSTS 

FIRST Y EAR OF GROUNDWATER MONITORING · SEMI-AN N UAL 

Project managementJadministration hr $ 1 95 

Groundwater sampling (5 wells, 2 times/yr) hr $ 1 00 

Field equipmenllexpenses Is $1 ,000 

Lab - As. Fe, S04. pH . Calcium each $100 

Data evaluation h r  $130 

Reporting hr $ 1 30 

S UBTOTAL OF FIRST YEAR OF MONITORING 

30 % CONTINGENCY % 30% 

SUBTOTAL OF CAPITAL AND FIRST YEAR COSTS 

QTY TOTAL 

1 $30 ,000 

1 $67 ,500 

4 $1 87,000 

300 $1 80,000 
200 $1 0,000 

1 ,000 $4,600 
1 1 ,000 $385,000 

1 1 ,000 $495,000 
87, 000 $ 1 4 3,550 

1 $10 ,000 
1 $80,000 

1 $1 5,000 
5 $12 ,500 

$ 1 ,620 , 1 50 

$486,045 

1 $25,000 

1 $45,000 

1 $25,000 

1 $20,000 

1 8 $1 35,000 

1 $25,000 

$275,000 
$2,381 . 1 9 5  

20 $3,900 

55 $5,500 

1 $ 1 ,000 

1 0 $1 ,000 
20 $2,600 

30 $3,900 

$ 1 7,900 

$5,370 

$2,404,465 
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OPINION OF PROBABLE COST 

WONR - K EWAUNEE MARSH HOT SPOT REMEDIATION 

KEWAUNEE, WI 

PROJECT NO. 02085.21 .001 

OPTION 2: IN SITU WITH ON-SITE CONTAINMENT 
ITEM UNIT 

ANNUAL COSTS 

HOT SPOT MONITORING COSTS {ANNUAL - YEARS 2-5) 

Project managemenVadministration hr 

Groundwater sampling (3 wells, oncelyr) hr 

Field equipment and expenses Is 

lab - As and pH . each 

Data evaluation hr 

Reporting hr 

SUBTOTAL FOR ANNUAL GROUN DWATER MONITORING 

30 % CONTINGENCY % 

PRESENT WORTH OF HOT SPOT MONITORING 4 

TREATED MATERIAL O&M (ONE TIME REPAIR EVENT " YEAR 10) 

Construction Cost Is 

PRESENT WORTH OF O&M 

TREATED MATERIAL MONITORING COSTS (ANNUAL - YEARS 2-20) 

Project managemenVadministration hr 

Grou ndwater sampling {2 wells, oncelyr) hr 

Field equ ipment and expenses Is 

lab - As, Fe, S04, pH , Calcium each 

Data evaluation h r  

Reporting hr 
SU BTOTAL FOR ANNUAL GROUNDWATER MONITORING 

30 % CONTINGENCY % 

PRESENT WORTH OF ANNUAL MONITORING 1 9  

PRESENT WORTH O F  HOT SPOT MONITORING 

UNIT COST 

$195 

$ 1 00 

$500 

$25 

$ 1 00 

$ 1 30 

30% 

years @ 

$45,000 

$ 1 95 

$ 1 00 

$500 

$ 1 00 

$ 1 00 

$ 1 30 

30% 
years @ 

QTY TOTAL 

1 0  $ 1 , 950 

1 0  $1 ,000 

1 $500 
3 S75 

5 $500 

1 0 $ 1 , 300 

$5,325 

$ 1 , 598 
3% $25,732 

1 ' $4 5,000 

$33,484 

1 5  $2,925 

25 $2,500 

1 $500 
2 $200 

1 0  $ 1 , 000 

20 $2,600 

$9,725 

$2, 9 1 8  

3% $181,089 

$25 ,732 

PRESENT WORTH OF TREATED MATERIAL O&M AND MONITORING $214,572.86 

TOTAL COST {TOTAL CAPITAL + PRESENT WORTH) Total $2,650,000 

+ 50% $3,980,000 

- 30% $1 ,860,000 

Prepared By. A. Sellwood 

ASSUMPTIONS: 

1 .  Costs rounded up to \he nearest ten thousand dollars. 

2. Costs determined from experience and estimates from other similar projects . 
3. Conlingency is assumed to be 30% of direct capital cos\s, monitoring cos\s, and annual O&M. 
4.  Indirect costs d o  not include legal fees or public relalions assistance. 

5. Interest rate 3%; the: balance of an 8% interest rate less a 5% inflation rate, based on EPA approach for remedial cost eslimat�lg . 
G. All costs are based on pre liminary conccp\s. They are intended lor remedial option comparison and not for final budgeting. 

REM EDIATION NOTES: 

1 .  Mobllizallon includes the mobilization of equipment, swamp mats, chemicals and job trailer to the site. 
2. Site preparalion includes removal of 100 LF of existing chain link fence , installation of approximately 4500 LF of sil fence, and 

set up of a site trailer and conslnH:tion of a sile laydo\'ln area for storage of equipment and materials a\ the intersection of the 

road and bike pa\11. Assumes existing bike path can be used as access road. 

3. In situ lrealrnenl includes construction of a temporary access ramp to llle marsh and asst•mes trealrnenl of �pproximately 

500 CY/day with the specified chemicals. 

4. Onsile conta inment assurnes purchase/rental of 500 LF of additional swamp mats to rea ch outer aroa of cap, production rate of 
300 CY per day to transport and place \rea ted m aterial over approximately 2 acres of Um exiting in 1ac\ cap to a height of up to 4 feel. 

5. Bike palh restoration inckJdes backfilling the excavated area and gradu1g up lo 2,000 cy of gravel over lim section of path 

used by \rucks lo access the site. 

G. Site res\oralion includes repair of the 1 00 LF of chain link fence and application of 6-inches of lop soil and seed Ia the marsh. 
II does not include we \lands restoration. 

Page 2 of 2 I :\WPM SNIP JT 1 \02005\23\009\020ll523009-003.XLS 51271201 0 

TR EATMENT 

I I I I 

l I I 

I 



OPINION OF PROBABLE COST 

WDNR · KEWAUNEE MARSH HOT SPOT REMEDIATION 

KEWAUN EE, WI 

PROJECT NO. 02085.21 .001 

OPTION 3 :  IN SITU TREATMENT WITH OFF-SITE DISPOSAL 

ITEM U N I T  UNIT COST 

DIRECT CAPITAL COSTS 

Mobilization Is $30,000 

Site Preparation Is $67.500 

Mixing of treatment chemicals week $46,750 

Treatment Chemicals 

- Ferric sulfate tons $600 

- Limestone tons $50 

- Peroxide g a l  $25 

Dewater - Magnesium Sulfate tons $ 1 75 

Excavate and Transport to Hickory Mead ows tons $4 0 

Disposal (Hickory Meadows - Veolia Contract) tons $25 

Backfill and Seed (Marsh excavation) cy $45 

Fence Restoration Is $ 1 0,000 

Bike Path Restoration Is $80,000 

Demobilization Is $ 1 5,000 

Monitoring Well Construction well $2,500 

SUBTOTAL OF DIRECT CAPITAL COST 

30 % CONTINGENCY % 30% 

INDIRECT CAPITAL COSTS 

P roject management/administration Is $25,000 

Plans and Specifications Is $35,000 

Subcontracting Is $25,000 

Permitting Is $20,000 

Construction oversight wk $7,500 

Documentation reporting Is $25,000 

SUBTOTAL OF I N DIRECT CAPITAL COSTS 

SUBTOTAL OF DIRECT AND I NDIRECT CAPITAL COSTS 

FIRST YEAR OF GROUNDWATER MON ITOR ING - SEMI-ANNUAL 

P roject man agement/ad ministration hr $ 1 9 5  

Groundwater sampling ( 3  wells. 2 times/yr) hr $100 

Fie ld equipmentfexpenses Is $ 1 ,000 

Lab - As, pH each $25 

Data evaluation hr $1 30 

Reporting hr $ 1 30 

SUBTOTAL OF FIRST YEAR OF MONITOR I NG 

30 % CONTINGENCY % 30% 

SU BTOTAL OF CAPITAL AND F I RST Y EAR COSTS 

QTY TOTAL 

1 $30,000 

1 $67,500 

4 $ 1 87,000 

200 $ 1 20,000 

1 00 $5,000 

0 $0 

1 ,200 $2 1 0,000 

1 1 ,900 $476,000 

1 1 ,900 $297,500 

1 1 ,000 $495,000 

1 $ 1 0,000 

1 $80,000 

1 $ 1 5,000 

3 $7,500 

$2,000,500 

$600, 1 50 

1 $25,000 

1 $35,000 

1 $25,000 

1 $20,000 

1 3  $97,500 

1 $25,000 

$227,500 

$2,828, 1 50 

20 $3,900 

50 $5,000 

1 $ 1 ,000 

6 $ 1 50 

20 $2,600 

30 $3,900 

$1 6,550 

$4,965 

$2,849,665 

q 
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OPINION OF PROBABLE COST 

WDNR - KEWAUNEE MARSH HOT SPOT REMEDIATION 

KEWAUNEE, WI 

PROJECT NO.  02085.21 .001  

OPTION 3 :  IN SITU TREATMENT WITH OFF-SITE DISPOSAL 
ITEM UNIT UNIT COST 

FUTURE ANNUAL COSTS 

MONITORING COSTS (ANNUAL - YEARS 2-5) 

Project managemenVadministralion hr $ 1 95 

Groundwater sampling (3 wells, once/yr) hr $ 1 00 

Field equipment and expenses Is $500 

Lab - As .  pH each $25 

Data evaluation hr $ 1 00 

Reporting hr $ 1 30 

S U BTOTAL FOR ANNUAL GROUNDWATER MONITORING 

3 0  % CONTINGENCY % 30% 

PRESENT WORTH OF ANNUAL MONITORING 4 years @ 

PRESENT WORTH OF MONITORING 

TOTAL COST (TOTAL CAPITAL + PRESENT WORTH) 

ASSUMPTIONS: 
1. Costs rounded up to the nearest hundred thousand dollars . 
2. Costs determined from experience and estimates from other similar projects. 

3. Contingency is assumed to be 30% of d irect capital costs, monitoring costs, and annual O&M. 

4. Ind irect costs do not include legal fees or public relations assistance. 

QTY TOTAL 

1 5  $2 ,925 

25 $2,500 

1 $500 

3 $75 

1 0  $ 1 ,000 

20 $2,600 

$9,600 

$2,880 

3% $46,389 

$46,389.39 

Total $2,900,000 

+ 50% $4,350,000 

- 30% $2,030,000 
Prepared By: A. Sellwood 

5. In terest rate 3%; the balance of an 8% interest rate Jess a 5% inflation rate, based on EPA approach for remedial cost estimating. 

6. All costs are based on preliminary concepts. They are intended for remedial option comparison and not for final budgeting . 

REMEDIATION NOTES: 
1. Mobilization includes the mobilization of equipment, swamp mats, chemicals and job trailer to the site. 

2. Site preparation includes removal of 1 00 LF of existing chain link fence, installation of approximately 4500 LF of silt fence, and 

set up of a site trailer and construction of a site laydown area for storage of equipment and materials at the intersection of the 

road and bike path. Assumes existing bike path can be used as access road. 
3. In situ treatment includes construction of a temporary access ramp to the marsh and assumes treatment of approximately 

500 CY/day with the specified chemica ls. 
4. Assumes excavation rate of 500 tons per day and disposal at the Veolia H ickory Meadows (53 miles from site). 

5. Bike palll restoration includes baclkfilling the excavatC1d area and grading up to 2,000 cy of gravel over the section of path 
used by trucks to access the site. 

G. SitC1 restoration includes repair of the 1 0 0  LF of chainlink fence and application of 6-inches of top soil and seed to the marsh. 

I t does not include wetlands restoration. 

('0 
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Volumes . 

Location 

Ballast ("Clean") 

Ballast (Hot Spot) 

Marsh 

Sand/Silt 
Peat 

Soil Type 

Material 

Ferric Sulfate 

Limestone 

Bentonite 

Hydrogen Peroxide (30<Yo) 

Hydrogen Peroxide (50%) 

Prepnred By: A. Sellwood 4/15/10 

Kewaunee Hot Spot Remediation 
I11 Situ Treatment (Small Volume) 

Area (sf) 

1 ,750 

1 ,750 

5,600 

Depth (ft) 

5 

7 

8 

Volume (cy) 

400 

500 

1,700 

Total Hot Spot 2,200 

Benching/Slope (Add 25%) 3,000 

Volume (cy) 

600 

2AOO 

Dose (%) 

2.1  

1 .5 
5 

Dose (Likg) 

0.000625 

Ysat (lb/cf) 

130 

65 

Tons 

70 

50 

1 60 

Total 

Gallons 

480 

290 

Mass (ton) 

1 ,060 

2,1 1 0  

3,170 

Mass (kg) 

9.62E+05 
1 .92E+06 

2.88E+06 
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Location 

Ballast ("Clean") 

Ballast (Hot Spot) 

Marsh 

Soil Type 

Sand/Silt 

Peat 

Material 

Ferric Sulfa te 

Limestone 

Bentonite 

· . . . . . . .. · ... . . . 

Hydrogen Peroxide (30%) 

Hydrogen Peroxide (50%) 

Prepared By:  A .  Sellwood 4/15/10 

Kewau n ee Hot Spot Remediation 

In Situ or On- Site Containment 

Area (sf) 

1,750 

1,750 

20,700 

Depth (ft) 

5 

7 

1 0  

Total Hot Spot 

B enching/Slope (Add 25%) 

Volume (cy) 

2,200 

8,800 

Dose (%) 

2.1 

1 .5 

5 

Dose (L/kg) 

0.000625 

Ysat (lb/cf) 

130 

65 

Total 

Tons 

300 

200 

600 

Ga llons 

1 ,800 

1,080 

. . � : '-, .  . : . 

Volume (cy) 

400 

500 

7,700 

Mass (ton) 

3,870 

7,730 

11,600 

Mass (kg) 

3.51E+06 

7.02E+06 

1.05E+07 

I �  
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Volumes ·: · · 

Location 

Ballast ("Clean") 

Ballast (Hot Spot) 
Marsh 

Soil Type 
Sand/Silt 
Peat 

Material 
Ferric Sulfate 
Limestone 

Hydrogen Peroxide 

Kewaunee Hot Spot Remediation 
Off Site Disposal 

Area (sf) Depth (ft) 

1,750 5 

1,750 7 

20,700 1 0  

Total Hot Spot 

Benching/Slope (Add 25%) 

Volume (cy) 
2,200 

8,800 

Dose (%) 

1 .05 

0 . 75 

Dose (L/kg) 

0 

Ysat (lb/cf) 

1 30 

65 

Total 

Tons 

200 

100 

Gallons 

0 

Volume (cy) 
400 

500 

7,700 

8,200 

11,000 

Mass (ton) 

3,870 

7,730 

11,600 

. .  · · ·. ·: ·  . ."": ·. : .  

Mass (kg) 
3.51E+06 

7.02E+06 

l.OSE+07 

Prepared By: A. Sellwood 4/15/10 
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Executive Summary 
Backg round and Site Description 
Around 15 acres of the marsh in the C.D. Besadny Wildlife Area, in Kewaunee, Wisconsin, are 

contaminated with arsenic. The marsh is located approximately 1 mile from the mouth of the 

Kewaunee River, as it flows into Lake Michigan. The source of the arsenic is likely from a spill 

from the adjacent railroad that occurred in the 1940s. In the mid-1990s, stressed vegetation and 

dead wildlife was observed at the site, which led to sediment contamination investigations. The 

investigations showed high levels of arsenic in the stressed vegetation area, with lower, but still 

elevated, arsenic levels in much of the surrounding marsh. An interim action was completed in 

1996 to limit the threat of direct contact to the arsenic in which the most highly impacted area 

(approximately 4 acres) was capped, and the 15 acres known to contain arsenic impacts were 

enclosed within a fence. After installation of the cap, there have been no further stressed 

vegetation or dead wildlife observed at the site. Further sediment and groundwater 

investigations found that the arsenic contamination is generally limited to the shallow 

groundwater and the upper 2 feet of the marsh sediment (soil) except in an area adjacent to the 

railroad bed. The arsenic concentrations in the sediment are highest under the capped area and 

immediately adjacent to the cap, especially to the east and south. The arsenic in the 

groundwater is confined to the uppermost groundwater except in the area adjacent to the 

railroad bed. Groundwater concentrations are particularly elevated in the well immediately 

adjacent to the railroad tracks, where the concentrations exceed 1,000,000 !lg!L. Concentrations 

in the groundwater monitoring wells to the east of the cap are in the low to 1,000 !lg!L range, 

while the concentrations in the remaining wells are generally in the hundreds of !lg!L or lower. 

Concentrations to the west of the tracks or outside the fenced area are at b ackground levels 

except for between the contaminated area and the river. 

WDNR developed site-specific cleanup standards (19 mg!kg for sediment and 148 !-lg!L for 

groundwater/surface water) for the site and identified potential remedial options for the site. 

RMT, Inc. (RMT) evaluated these remedial options through treatability work and feasibility 

assessments. A review of the sediment results collected during the previous studies showed 

that the concentration of arsenic in the marsh sediment has decreased over time. RMT 

suggested that the arsenic was being lost in gas-phase transport, possibly as arsine gas (H3As). 

Under very reducing conditions, arsenic can be reduced to arsine, which occurs as a gas. In 

contrast, arsenic is not volatile under oxic conditions. One likely source for keeping the upper 

layer of sediment oxic, and thus limiting arsine formation, is the cattails and other emergent 
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vegetation, since these plants pump oxygen into the sediment through their root system. The 

elimination of the cattails may be a key step for enhancing gas formation by decreasing oxygen 

transported to the sediment through their root system. In addition, biological activity in the 

marsh is probably limited by the amount of readily degradable carbon. Reducing conditions 

could also be enhanced by supplying readily available carbon to promote biological activity. 

RMT recommended that an evaluation of the cost and feasibility of enhancing the bioreduction 

process be tested in field trials for comparison with other remedial alternatives. This report 

presents the results of the field trials and meets the requirements for Contract #08 - REKM 

Kewaunee Marsh Field Study, dated May 8, 2008. The field trials involved removing the 

vegetation from enclosed test plot areas of the marsh, adding various carbon sources to enhance 

the bioreduction process and monitoring arsenic concentrations in the sediments over time. The 

field trials were conducted over a three year time period (2008 to 2010) . 

Test P lot Desig n 
The field trial test plots were designed to evaluate measures that could be taken to enhance 

bioreduction of arsenic present in the moderately contaminated areas of the marsh. Specifically, 

different means to remove vegetation (herbicide application vs. mechanical removal) were 

evaluated, along with the influence of adding carbon sources to enhance biodegradation. An 

area of the marsh just south of the cap and close to the rail bed was sampled to select an area for 

the installation of the test plots. 

The different test plots are as follows: 

• Test Plot 1 - Control 

• Test Plot 2 - Mechanical control of cattails, no biostimulant 

• Test Plot 3 - Mechanical control of cattails, single application of ethanol 

• Test Plot 4 - Mechanical control of cattails, single application of sucrose 

• Test Plot 5 - Mechanical control of cattails, monthly application of sucrose 

• Test Plot 6 - Chemical control of cattails, no biostimulant 

• Test Plot 7 - Chemical control of cattails, single application of sucrose 

Sediment samples were collected monthly during the summer and fall of 2008 and 2009, and in 

July 2010. Five samples were collected from each test plot during each visit, with the samples 

near the four comers and in the center of each test plot. Each sample was analyzed individually, 

and the results averaged to provide an arsenic concentration for the test plot. Using five 

replicates provides an analysis of the variability within each test plot. Sampling devices for 

collecting arsine gas were installed on six of the test plots (all except the control test plot). 
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Two problems were identified during the 2008 monitoring that obscured the evaluation of the 
effectiveness of the bioreduction approach. The first problem was the drop in water table 
throughout the summer, leaving much of the sediment unsaturated .  Second, the variability in 
sediment concentrations made it difficult to observe trends in the arsenic concentrations. These 
problems were addressed by setting up two additional test areas in 2009. In the first, sediment 
columns containing homogenized sediment in PVC tubes were installed such that the bottom of 
the sediment column would be saturated throughout the year. In the second test area a solar 
pump was installed to pump water to the surface of the marsh and keep the sediment wet 
throughout the summer. 

Findings 
Arsenic concentrations were not reduced in the test plots during the field study. The hypothesis 
that the cattail roots were keeping the top layer of sediment aerobic was incorrect, instead the 
water table fluctuates throughout the year leaving the sediment unsaturated and inore aerobic 
for part of the year. In addition, the arsenic concentrations in a single test plot had so much 
variability in the results that small decreases in concentration would not have been observed .  

However, a significant drop in arsenic concentration was observed i n  th e  saturated section of 
the sediment column study, 30% over a 5 month period. The unsaturated section of the 
sediment column had no arsenic loss over the same time period. The loss indicates a high 
mobility of arsenic in the saturated sediments. 

M easurements of arsine gas emitted from the marsh and of atmospheric transport of arsenic 
shows small amounts of arsenic being converted in the sediment to arsine and transported in 
the gas phase. The concentrations of arsine measured were well below levels of concern for 
health and safety, especially in view of the dilution of any gas generated in the marsh by the 
overlying air, and the remote location of the marsh. 

Results from the limited irrigation study indicate that it may be difficult to keep the sediment 
saturated in one area of the marsh by simply pumping water onto it. Containment barriers 
(slurry walls, sheet piling, etc . )  in addition to pUtllping high volumes of water would likely be 
required to increase the effectiveness of irrigation to keep the sediments saturated. 
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Conclusions 
B ased on the results of the arsenic concentrations in the test plot samples, several conclusions 

can be drawn regarding the use of bioreduction of arsenic for remediating the site, as follows: 

1 .  Enhanced b ioreduction o f  arsenic b y  removing vegetation and adding biostimulants was 

not effective at remediating the marsh sediment. Other remedial approaches for 

addressing arsenic contamination in the marsh should be pursued. 

2. Arsenic concentrations are significantly reduced if the sediment is kept saturated. 

3.  The key to stimulating arsenic loss is  keeping the sediment saturated, not eliminating 

the vegetation. Sediment in the saturated portions of the sediment columns lost significant 

amounts of arsenic ( around 30% over five months), while the average arsenic 

concentrations in the test plots do not show a measurable decrease in arsenic 

concentrations over two years. The reason that the arsenic is still high in the top foot or so 

of sediment at the site is due to water table fluctuations, not oxygen introduction from the 

cattails. 

4. Measured arsenic concentrations in the sediment show a high variability, even over 

relatively small distances. The heterogeneity in measured arsenic concentrations 

complicates data analysis, since small changes in arsenic would not be measurable. There 

may be some loss of arsenic due to arsine production in the test plots during the time they 

are saturated, however the rate is not sufficient for the loss to be measured. 

5.  Addition of bioreductants enhanced arsenic loss and reduced variability from the 

saturated sediment. The addition of sugar increased the loss of arsenic from the saturated 

section of the sediment column, and decreased the variability, presumably by enhancing 

uniform anaerobic conditions throughout the sediment column. 

6. There i s  evidence of trace levels of arsine generation from the sediments, however the 

amounts of arsine measured are not sufficient to account for the loss of arsenic at the 

site. 
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Table 2.4 
Compositional Analys is  of Samples Col lected in November 2005 

Kewaunee Marsh ,  Kewaunee, Wisconsin 
Locations shown i n  Figure 2.6 

�OI,;IDS COMPOSITIONAL ANALYSIS (rng/kg) (DRY WEIGHT) 

< voLATILE 
SAMPLE •io (%) TOC 

T-1 1 7 . 6  6 1 .3 630 , 000 

T-3 1 8 .4 6 1 .3 380 , 000 

T-5 1 1 .7 6 1 . 9  350 , 000 

T-6 1 9 .6  42.0 480, 000 

T-7 31 . 1  26.8 380, 000 

T-8 1 4 . 0  75.9 560 , 000 

T-9 1 4 .4 79. 1 640, 000 

T-1 0  7 .35 80.2 490, 000 

T-1 0A 8 .64 83. 1 5 1 0 , 000 

T-1 08 8 .86 82.7  430 , 000 

T-1 1 8 .29 53.5 290, 000 

T-1 2 1 1 .3 60.6 340 , 000 

T-1 4  1 0 .8  79.3 450, 000 

T-1 5  5 .93 88.6 480 , 000 

T-1 6 1 3 . 5  70.9 460, 000 

T-1 7  6 .62 79 .9  41 0, 000 

T-1 8 

T-1 9 

T-20 

T-2 1 

T-22 

T-23 

T-24 

RMT, Inc. I Wisconsin Department of Natural Resources 
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ARSENIC . CALCIUM · I RON · PHOSP;HORUS 

2 ,500 92,000 6 ,400 830 

900 33,000 5 ,300 680 

720 58,000 7,400 1 ,400 

240 6 1 ,000 8 ,200 1 ' 1 00 

86 35,000 1 0 ,000 1 ,300 

1 40 34 ,000 6 , 500 1 ,200 

660 22,000 5 ,000 1 ,300 

760 30,000 5 ,600 1 ,600 

590 26,000 4 ,600 2 , 1 00 

850 38,000 6 ,700 1 ,700 

670 87, 000 1 6 ,000 2,600 

570 25,000 5,700 2,200 

1 1 0  24 ,000 6 , 1 00 1 , 900 

1 20 1 5 ,000 2 , 900 1 ,600 

490 44,000 8 ,500 980 

520 24,000 4 ,900 1 ,400 

340 

6 , 1 00 

9 1 0  

640 

1 ,800 

1 ,500 

1 ' 1  00 
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Table 2.5 
Hot Spot Area Groundwater Concentrations - Apri l  3,  2007 

Locations shown in F igure 2.7 
LOCATION . ... , 

TRANSECT · S ITE 
ARSENIC 

(�J.g/L) 

T(- 1 ) 2 0 NW 82,000 

0 44 , 000 

20 SE 1 1 8 , 000 

T1  40 NW 1 ' 1 40 

30 NW 1 00,000 

2 0 NW 1 22 ,000 

1 0  NW 640 ,000 

0 (MW04-1 0) 2 ,200,000* 

1 0  SE 46,000 

20 SE 22, 000 

30 SE 1 4,800 

T2 1 -4' 5,400 

6-9' 3 ,600 

0 1 1 - 1 4' 5 ,600 

1 6-1 9 '  4 ,600 

2 1 -24' 5 , 200 

T4 40  NW 38 

T5 

3 0  NW 94,000 

1 0  NW 1 , 1 60,000 

0 1 ,300, 000 

1 0 SE 660, 000 

20 SE 340 , 000 

30 SE 78, 000 

2 0 NW 680,000 

0 560,000 

2 0  SE 86,000 

N. S lough 1 ,700 

Notes: 
1 .  Samples were collected using a Geoprobe®. 

CALCIUM 
(r'ri'g/L) 

1 80 

1 70 

290 

1 30 

1 40 

1 40 

220 

470 

1 30 

340 

1 1 0 

1 1 0  

1 20 

1 20 

1 20 

1 20 

1 20 

1 50 

320 

3 1 0  

1 90 

1 80 

1 20 

240 

220 

1 20 

43 

CON0ENTRATION 

IRON 
· .  (mg/L) . 

1 .6 

1 . 1 

0 .77 

0 .46 

0.43 

0.28 

0 .77 

0 .072 

0 .54 

8 .8  

0 .21  

<0 .025 

<0.025 

<0.025 

<0.025 

<0.025 

0 .82 

8 .9  

0 .09� 
0.28 

0 . 1 1 

0 .091  

<0.025 

0.041 

0. 076 

<0.025 

0 . 1 4  

'· MAGNESIUM 
. . (mij/q ·. 

78 

97 

1 00 

50 

62 

59 

1 40 

240 

57 

80 

50 

65 

66 

67 

67 

66 

30 

36 

1 40 

1 50 

90 

69 

45 

90 

84 
45 

1 8  

SODIUM. 
(mg/L) 

1 6  

1 4  

33 

1 1  

1 1  

8 .3  

1 2  

1 5  

8 .5  

95  

1 3  

66 

64 

63 

60 

55 

1 2  

1 4  

1 2  

1 4  

1 7  

1 3  

1 0  

1 1  

1 0  

9 . 1 

9 . 2  

· , '  

2 .  Arsenic analysis (except for MW04-1 0) was performed by Pace Laboratories; al l  other analyses were performed in the RMT 
Applied Chemistry Laboratory. 

RMT, Inc. I Wisconsin Department of Natural Resources 

1:\ WPMSN \ PfTJ \ 02085 \23 \ 004\ R0208523004-00J.DOCX JIJOIJJ Final JanuanJ 2011  @u 

:·-



Table 2.8 
Kewaunee Slough Water Arsenic Concentrations Over Time 

DATE LOCATION 

South Slough 
4/1 8/03 Downstream 

6/1 1 /03 (-20 feet from river) 

4/1 4/04 

1 1 /02/05 

1 1 /2/05 (arsen ite) 
Pool u pstream of weir 

4/3/07 

3/1 6/20 1 0  

4/1 8/03 Midstream 

6/1 1 /03  (-300 feet from River) 

4/1 8/03 U pstream 

6/1 1 /03 ( -700 feet from river) 

4/1 4/04 

North Slough 
4/1 8/03 Downstream 

6/1 1 /03  (-20 feet from river) 

4/1 4/04 

1 1 /02/05 

1 1 /2/05 (arsenate) 
Pool downstream of 

wei r  

1 1 /2/05 (arsenate) 
Pool u pstream of weir 

3/1 6/20 1 0  

4/1 8/03 M idstream 

6/1 1 /03  ( -300 feet from River) 

4/1 4/04 

1 1 /2/05 

4/1 8/03 U pstream 

6/1 1 /03 ( -700 feet from river 

4/1 4/04 

RMT, Inc. I Wisconsin Department of Natural Resources 
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As CONCENTRATIO N  

F ILTERED 

·' 

267 

455 

354 

. .  

438 

395 

585 

492 

892 

1 1 20 

699 

1 570 

1 1 1 0 

887 

398 

1 580 

2690 

836 

2970 

1 830 

. (!Jg/L) 

NOT FILTERED 
. . 

968 

444 

1 520 

1 530 

1 400 

399 

343 

1 720 

1 1 60 

1 1 1 0 

81 3 

1 460 

2960 

301 

2520 

:·· . :  

808 

1 590 

2900 

66, 300 

874 

3400 

1 820 
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1 996 (Precap) 

JD : - DEPTH 

B-39 0-2 
2-4 

4-6 

6-8 

B-37 0-2 

B-34 0-2 

2-4 

4-6 

6-8 

B-32 0-2 

2-4 

4-6 

6-8 
B-29 0-2 

2-4 

4-6 

6-8 

B-27 0-2 

B-38 0-2 

2-4 

4-6 

Note: 
• Samples taken from under the cap. 

Table 4.1 

Arsenic Concentrations in Sediment Under the Cap Over Time 

· 2006 (postcap) 

As . As 
(mg/kg) · iD DEPT<W (mg/kg) 

1 0700 T-1 9  2-4 6 1 00 
3980 

4470 6-8 5 1 00 

852 

4600 T-20 3-5 9 1 0  

2660 T-2 1 2-4 640 

946 

1 020 

4.3 

5480 T-22 2 .5-3 .5 1 800 

88.9 

1 94 

1 .62 
4500 T-23 1 . 5-3 .5  1 500 

360 

202 

2 .35 

1 880 T-24 1 .5-3 .5  1 1 00 

2030 T-1 8 3-4 .5  340 

946 

1 020 

ID 

M3D 

M7E 

M9F 

M 1 0F 

M 1 2 F  

2009/201 0  ( Postcap) 

As 
DEPTH ( mg/kg) 

0-2 23 1 0  
2-4 3800 
4-6 2450 

6-8 1 6 1 0  

0-2 1 5 1 

2-4 277 

4-6 1 260 

0-4 438 

4-6 452 

6-8 82 . 1  

0-4 357 

4-6 589 

6-8 52.7 

0-4 204 

4-6 3 1 3  
6-8 7 .6  

Final January 2 0 1 1  
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Figure 2. 1 5  
Plot of Arsenic Concentrations vs. Calcium, Magnesium, and 

Calcium Plus Magnes iu m  Concentrations, in  mM 
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Figure 4.1 
Schematic of Arsenic Cycl ing in  a Marsh Environment or Sediment 

ABenic Cyding in a Marsh Environment 

Redox Status Solid Phase Aqueous Pha$e 

biouptake 
/ 

H2As04 OXIC 
(water) 

Adsorption/Coprecipitation 
on Fe(OH)J, AI(OH)J � (dissolved) 

SUGHTLY ANOXIC 
(surface sediments) 

STRONGLY ANOXIC 
(de�r sediments) 

methylated 
arsenicals 

Adsorption --- H�JJilsCll 
on Fe(OH)J, AJ(OH)J 

Ad$orptionfCopredpitation on Sulfide Minerals 
FeS, AsS 

methylated 
arsenicals 

l + sulfide 
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Figure 4.2 
Arsenic Concentration Under Cap Over Time: 1 994-20 1 0  
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Figure 4.5 
Leached Arsenic Concentration vs. Compositional Arsenic at Three Solid-Liquid Ratios 
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Pre-Cap (1 994 , 1 995, 1 996 samples) 

LEGEND 

C'J CAP PERIMETER 

+--+ RAI LROAD TRACKS 

INTERPOLATED As CONCENTRATIONS 

0 - 100 

100 - 500 

500 - 1 ,000 
N 

1 ,000 - 2,500 1 150 300 600 � FEET 
1 INCH = 300 FEET 

744 Hearl/and Trail 

Madison, W/53717 - 1934 

Pre Cap 

Post Cap 

21 ,997 , 1 0 0  

1 2,291 ,400 

Reduction: 

Post-Cap (2002 samples) 

6,705 

3,746 

56% 
The model environment is comprised of 1 m2 cells. The model assigns an i nterpolated concentration of to each cell. Assuming a 1 foot thickness, then the volume 
associated with each cell is 0.304804 m3 (1/3.2808). Assuming a bulk density of 1 kg/1 for the soil at the site, and applying unit conversions, multiply the value of 
each cell by 3.05E-04 to obtain the mass of As (in Kg) for each cell. Summing these results will provide total mass. Alternatively multiplying the sum of all the 
concentrations by 3.05E-04 would arrive at the same result. 

Interpolation performed using Inverse Distance Weighting with the following settings: 
Power: 2 
Search Radius: Variable 

Number of Nearest Points in Search Radius used for interpolation: 1 2  
Maximum Distance for Search Radius: 30.480371 m (100 ft) 

CALCULATION OF ARSENIC MASS IN AREA OUTSIDE THE CAP PERIMETER 
DRAWN BY: HANKLEY C 

APPRI3VED BY: STANFORTH 8 
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Post-Cap (2002 samples) 2004/2005 Samples 

LEGEND 

POST CAP (STS) SAMPLES 

• JULY 2002 

INTERPOLATED As CONCENTRATIONS (MG/KG) 

·-1 0 - 1 00 

Pre Cap 

Post Cap 

8,591 ,420 

8,221 , 1 7 0  

Reducti on: 

2,6 1 9  

2,506 

4% 
• NOVEMBER 2002 1 00 - 500 

RMT, NOVEMBER 2005 500 - 1 ,000 

.A STS, APRIL 2004 

D CAP PERIMETER 

1 INCH = 300 FEET 

1 ,000 - 2,500 

+-+ RAILROAD TRACKS 

744 Heanland Trail 
Madison, WI 53717 • 1934 

The model environment is comprised of 1 m2 cells. The model assi�ns an i nterpolated concentration of to each cell.  Assuming a 1 foot 
thickness, then the volume associated with each cell is 0.304804 m (1/3.2808). Assuming a bulk density of 1 kg/1 for the soil at the site, 
and applying unit conversions, multiply the value of each cell by 3.05E-04 to obtain the mass of As ( in Kg) for each cell. Summing these 
results will provide total mass. Alternatively multiplying the sum of all the concentrations by 3.05E-04 would arrive at the same result. 

Interpolation performed using Inverse Distance Weighting with the following settings: 
Power: 2 
Search Radius: Variable 

Number of Nearest Points in Search Radius used for interpolation: 1 2  
Maximum Distance for Search Radius: 30.48 m ( 1 00 It) 
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Table 1 

In Situ Treatment Results 

Kewaunee Marsh Arsenic Source Area In-Situ Remediation 

SPLP ARSENIC CONCENTRATION (mg/L) 
ESTIMATED VOLUME 

CELL POST-TREATMENT OF CELL 
ID MEDIA 

Marsh 
1 Trial) Peat 
2 (Field Peat 

3 Peat 
4 Peat 
5 Peat 
6 Peat 
7 Peat 
8 Peat 
9 Peat 
1 0  Peat 
1 1  Peat 
1 2  Peat 
1 3  Peat 
1 4  Peat 
1 5  Peat 
1 6  Peat 
1 7  Peat 
1 8  Peat 

Trail and 

1 9  Bal last 
Peat 

20 Bal last 
Peat 

2 1  Ballast 
Peat 

22 Ballast 
Peat 

23 Ballast 
Peat 

24 Ballast 
Peat 

25 Ballast 
Peat 

26 Bal last 
Peat 

Average Concentration 

(Peat + Ballast) <4• 51 

Notes: 

·· = Sample not collected and/or not analyzed. 

Footnotes: 

PRE-TREATMENT 11> 

--

8.4 
22 

--

--

61  
38 
22 

- -

30 
--

--

--

--

--

--

--

25 

--

57 
--

20 
5.4 
1 6  
7.6 
1 6  
1 2  
93 
6.3 

--

--

91 
--

--

31 

PACE 

0.26 0.0 1 6  
<0.025 I <0. 025<31 <0.0 1 3  

-- <0. 0 1 3 
-- 0.0 1 6  
-- 0.035 
-- 0.041 

0.22 <0.0 1 3  
-- 0.088 
-- <0 01 3 
-- 0.059 
-- <0.0 1 3  

0 .067 0 .01 4 
-- 0.01 5 
-- <0. 0 1 3 
-- 0.092 
-- 0.0 1 5  
-- <0. 0 1 3  
-- <0.01 3 

0.46 0. 1 9  
-- --

-- 0.028 
-- 0.063 
-- 0.052 
- - 0. 1 6  
-- 0. 1 9  

0. 1 9  0.095 
1 8  2 .6<51 
-- 0.89 
-- 0.28 
-- 0.059 
-- 0.47 
- - 1 . 3  
-- 0.29 
-- 0 .59 

0.20 0.1 6 

Tota l Vol u m e  (cy) 

1 1 1  Pre-treatment estimates calculated using compositional arsenic results from December 2009/March 201 0 Hotspot Geoprobe 

Investigation. Compositional arsenic concentrations were converted to SPLP arsenic concentrations. Data and conversions are 

presented in Appendix G. 

1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 

50 
1 00 
50 

1 00 
50 

1 00 
50 
1 00 
1 00 
50 
1 00 
50 
1 00 
50 

1 00 
50 

--

3000 

121 SPLP test completed in TRC's Applied Chemistry Laboratory. The results from TRC are screening level results, but have been shown 

previously to be consistent with results from Certified laboratory (Pace). 

131 First result represents pre-bentonite addition, and second results from post-bentonite addition. 

141 Samples with arsenic concentrations less than the detection limit were estimated to have arsenic concentrations equal to half 

of the detection limit. 

151 The sample collected from the treated ballast material of cell #23 was not likely representative of treated material in  that cell, and 

is not included in the average concentration for the treated samples. 
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I TRC''' (cy) 

(Field 
Trial) 

Sides lope 

I l I 
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DTW 
WELL ID SAMPLE DATE (ft) 

MW02-1 1 1 /1 4/1 1 6.55 

MW02-1 i  1 1 / 14/1 1 4 .3 

MW02-1 d  1 1 / 14/1 1 4. 1 2  

MW02-3 1 1 / 14/1 1 3.82 

MW02-3i 1 1 / 14/1 1 3 .83 

MW02-3d 1 1 /1 5/1 1 3 .95 

GW0 1 -2 1 1 /1 4/1 1 2.26 

MW02-8 1 1 / 14/1 1 2 . 1 2  

MW02-8i 1 1 / 14/1 1 2 .42 

MW04-9 1 1 / 14/1 1 2.58 

MW04-1 1  1 1 /1 5/1 1 2. 1 5  

MW1 1 - 1  1 1 / 1 5/1 1 3 .61 

MW1 1 -1 i 1 1 /1 5/1 1 3 .61 

MW1 1 -2 1 1 /1 5/1 1 3.47 

MW1 1 -3 1 1 / 14/1 1 3 .39 

MW1 1 -3i 1 1 / 14/1 1 3 .58 
Notes: 

Table 3 
201 1 Baseline Performance Monitoring Results 

Kewaunee Marsh Arsen ic Source Area In-Situ Remediation 

TEMP. CONDUCTIVITY ORP ARSENIC 
(•C) (J.lmhos/cm) (mV) (mg/L) 

6.38 1 0.39 938 54.3 0.0 1 2J 

6.83 9.66 844 27.6 0.01 1 J 

7. 1 6  8.87 8 1 1 -7.9 0.0067 J 

6.68 1 0.85 1 1 87 -22.8 0.091 

6.82 1 0 . 1 7  1 020 -61 .2 0 .016J 

7 .21  7 .62 680 1 04.3 0.0040J 

6.67 9.09 691 -6 .8 0. 1 43 

6.75 9.57 888 1 1 .8 0 . 1 78 

6.78 9 .5 945 -20 0 .01 2J 

NA NA NA NA 0.043 

6.37 6.99 1 273 21 8 .3 0.0068J 

6.41 1 1  6462 -83.9 304 

6.99 9 .71 1 209 -73.5 1 21 

6.88 9.8 5322 -46. 7  1 08 

7. 1 2  9.42 2 1 97 -24.8 360 

7. 1 2  9.08 1 299 -71 .7 1 56 

CALCIUM IRON SULFATE 
(mg/L) (mg/L) (mg/L) 

1 35 5 .0 NA 
1 1 5 1 . 1  NA 
92 1 . 3  NA 
1 37 2.4 9 .5 

1 60 5 .9 < 2  

71  0.23 2.5J 

97 1 . 1  < 2  

1 34 0.88 NS 

1 50 2 .7 NS 

1 48 0 .57 < 2  

1 52 0.43 2 . 1 J  

590 1 1 2 3,340 

1 28 3 .9  1 24 

429 1 65 3 1 20 

285 1 . 3  <2 

1 54 3.7 1 5.9 

1 .  pH,  temperature, conductivity, D O ,  a n d  ORP were measured in the field. Sampling method introduces oxygen into sample. DO concentrations are not representative o f  groundwater conditions. 

Therefore DO is omitted from summary table. 

2. The results for arsenic, calcium, and iron are from filtered samples, and results for sulfate a re from non-filtered samples. 

J = Estimated concentration above the adjusted method detection limit and below the adjusted reportin g  limit 

DTW = depth to water. 

BOLD = concentration exceeds the site specific goal of 0 .148 mg/L 
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Ejl-M6E 

-$-MSF 

LEGEND 
"'t::::::J CAPPED AREA 

RMT SOURCE AREA SAMPLE (200912010) 

ARSENIC > 1·000 mg/kg} M-SERIES • MARSH (8-12 FD 

ARSENIC < 1 ,000 mg/kg 8-SERIES • BALLAST (15-30 FD 

RMT TEMPORARY WELL LOCATION (APRIL 2007) 
(ARSENIC CONCENTRATION COLOR CODE) 

< 100,000 iJ<JIL 
> 100.000 I'Jil 

FENCE 

@ MONITORING WELL LOCATION 

D 
D 

APPROXIMATE AREA OF PREVIOUSLY DISTRESSED VEGETATION 

EXTENT OF TOTAL ARSENIC CONCENTRATION > 1 ,000 mg/kg 
(SEE NOTE 2) 
EXTENT OF SOURCE AREA TARGETED FOR 
REMEDIATION (>2,000 mg/kg) (SEE NOTES 3 AND 4) 

L...._6.CROSS-SECTION TRANSECT 

NOTES: 
1. ALL GEOPROBE BORINGS WERE LOCATED USING A TRIMBLE GEOXH 

GPS UNIT. 

2. COMPOSITIONAL ARSENIC CONCENTRATIONS GREATER THAN 1,000 
mg/kg CORRELATES TO POTENTIALLY HAZARDOUS MATERIAL (TCLP > 5 
mg/kg). 

3. THE SOURCE AREA TARGETED FOR REMEDIATION COVERS THE AREA 
THAT WILL LIKELY HAVE ARSENIC > mg/kg IN 2015 BASED ON THE 
OBSERVED RATE OF DECREASE IN CONCENTRATION OVER THE LAST 
15 YEARS IN THE MARSH. 

4. DASHED LINE SHOWS ADDITIONAL TREATMENT AREA INCLUDED IN THE 
FINAL REMEDY BUT NOT TARGETED FOR TREATMENT IN THE ORIGINAL PlAN. 
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1, BASE MIAP IMIAGERY FROM KEWAUNEE COUNTY, 2010. 

2. GREYED OUT SECTION OF THE FENCE WAS REMOVED AND 

REPLACED TO PROVIDE ACCESS TO TREATMENT AREA IN 
THE MIARSH. 

3. PRE-TREATMENT ESTIMIATES CALCULATED USING 
COMPOSITIONAL ARSENIC RESULTS FROM DECEMBER 
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ARSENIC CONCENTRATIONS WERE CONVERTED TO SPLP 

ARSENIC CONCENTRATIONS. DATA AND CONVERSIONS 
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RESULTS. 
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Appendix F 

Comparison of SPLP Arsen ic Analysis versus Time Post-Treatment 

Kewaunee Marsh Arsenic Source Area In-Situ Remediation 

CELL SPLP ARSENIC CONCENTRATI0�1> (mg/L) 
MEDIA 1 -WEEK POST-TREATMENT 2-WEEK POST-TREATMENT 

Peat <0.01 3 0.01 23 

Peat 0 .088 <0.0 1 3  

Peat 0 .059 <0.0 1 3  

Peat 0.092 0.0 1 7  

Ballast 0 . 1 9  0. 1 38 

Ballast 2 .62 8.725 

Peat 0 .89 3 . 1 75 

Ballast 0 .47 0.253 

Peat 1 .3 3.05 

Peat 0.59 2. 1 75 

<1> SPLP test completed in TRC's Applied Chemistry Laboratory. The results from TRC are screening level results, but 

have been previously shown to be consistent with results from a Certified laboratory (Pace). 

<2> The sample collected from the treated ballast material of cell #23 was not l ikely representative of treated materia l .  

(§ t O -
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Results you can rely on 

1RC Environmental Corporation 

708 Heartland Trail, Suite 3000 

Madison, WI 53717 

Main 608.826.3600 

Fax 608.826.3941 

From: Bob Stanforth, Ph.D. 

Memorandum 

Subject: 2011  Baseline Monitoring - Colloid and Long-Term Stability Evaluation 

Kewaunee Marsh Source Area Remediation 

Date: January 2012 

Project No.: 186467.0000.0000.000003 

Background 

The arsenic source area in Kewaunee Marsh was remediated in October 201 1 and baseline 

performance monitoring was completed in November 2011 using 16 site monitoring wells. The 

arsenic results of the water analysis were much higher than expected for the wells constructed 

in or near the treatment area. These include MW1 1 -1, MW11 -2 and MW11-3 completed in the 

peat, and nested wells MW1 1-1i  and MW11-3i completed in the underlying silt. The results for 

the wells in question are presented below in Table 1 .  

Table 1 
201 1 Baseline Water Monitoring Results 

CONDUCTIVITY ARSENIC CALCIUM I RON SULFATE 

WELL COLOR IJmhos/cm mg/L 

Wells in Peat Material 

M M 1 1 -1 Light yellow 6.41 6,462 304 590 1 1 2 3 ,340 

MW1 1 -2 Light yel low 6.88 5 ,322 1 08 429 1 65 3 , 1 20 

MW1 1 -3 Light yel low 7 . 1 2  2 , 1 97 360 285 1 .28 <2 

Wells in  Organic Silt 

MW1 1 -1 i  Light gray 6.99 1 ,209 1 21 1 28 3 .94 1 24 

MW1 1 -3 i  Clear 7 . 1 2  1 ,299 1 53 1 54 3.70 1 5.9  

(-0 ( \ .  
\ \ntapb-rnadison \msn-\'016\-\ t\'P/1.-LSN\ PjTI\ 186467\0CXXl\IXXXXlJ\ �·118646ftXXX}.OOLdocx 
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Treated Material 

Water collected from MW1 1 -1 and MW11-2 is from area that was treated, as indicated both by 

their location and by the high su lfate and calcium concentrations in the water. Both sulfate and 

calcium are contributed to the water by the treatment process (sulfate from the ferrous sulfate and 

calcium from the limestone). The presence of the calcium and sulfate indicate that the marsh 

material has been treated and the high arsenic numbers are not the results of incomplete treatment. 

Based on all the previous treatability results and on the SPLP tests on treated material collected 

during the remediation, there is no reason to believe that the arsenic stabilization would not be 

successful. Two possible explanations for the high arsenic levels are evaluated below. 

Colloid Evaluation 

Based on all the previous treatability results and on the SPLP tests on treated cell material 

during the remediation, there is no reason to believe that the treatment would not be successful. 

However, iron concentrations are also much higher than would be expected in the water, and 

this provides a possible explanation for the high arsenic levels. Most likely, the high arsenic 

concentrations are due to colloidal ferric hydroxide or ferric arsenate solids which may be 

passing through the 0.45f1 filter used to differentiate dissolved and particulate metals and is 

being measured as "dissolved" iron. Iron hydroxide solids often occur in the colloidal size 

range, and can pass through the filter. 

As mentioned, the iron concentrations in the water are unexpectedly high. At the pH values of 

the samples, the dissolved iron concentrations under oxic conditions where ferric iron is the 

stable form should be very low - much less than 1 mg/L. The presence of such high iron 
concentrations - in the 100 mg/L range - suggests that the iron is not truly dissolved. While 

ferrous iron is more soluble than ferric iron, these concentrations are above what would be 

expected for ferrous iron in the presence of carbonate. A calculation of the theoretical ferrous 

iron concentration in water under these conditions illustrates the point. Since the treatment 

process involved the addition of calcium carbonate, the carbonate concenh·ation in the water 

will be controlled by the dissolved calcium concentration, as shown from the following 

dissolution reaction for limestone. 

Ksp, CaC03 = [Ca2+] (C032-] = 5 x 1 0-9 

The ferrous iron concentration, in turn will be controlled by the precipitation of ferrous 

carbonate, as follows: 

FeC03 � Fe2+ + C02-

\ \nt01pb-m<Klison \msn-vo16\-\ WPMSN\ PJT2\ 186467\CXXXJ\(XXXX)J \ M l&'i46i'IXOO-OOl.docx 

3 -2x10-11 KsrFeC03 = [Fe2+J[CO 2_1 _ 
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The concentrations for all three species (calcium, ferrous iron and carbonate) are described by 

their respective solubility constants (Ksp). Since there is solid calcium carbonate present in the 

treated material, the concentrations of both calcium and carbonate will be controlled by the 

dissolution of the limestone. The carbonate concentration is the same for both solubility 

equations, which means that we can calculate the theoretical ferrous iron concentrations from 

the Ksps and the calcium concentration, as follows: 

[Fe2+] I [Ca2+] = 4 x 10-3 

[Fe2+] = 4 x 1 0-3 ( [Ca2+]) 

In the presence of 500 mg/L calcium (or 0.0125 M Ca2+), the dissolved iron concentration in the 

water should be 

0.0125 x 4 x 1 0-3 = 5 x 1 0-5 M, or 2.8 mg/L 

Iron concentrations are orders of magnitude higher than the theoretical solubil ity value, 

indicating that it is unlikely that the iron concentrations are due to dissolved ferrous iron in the 

water. 

Thus the most likely explanation for the high iron concentrations is that particulate ferric iron 

particles are passing through the filter, and these carry arsenic with them. 

Long Term Stabil ity Evaluation 

Stabilization of arsenic using ferric iron can be reversed if the iron is reduced to the ferrous 

oxidation state. Thus, an alternative explanation for the elevated arsenic concentrations in the 

treated hot spot area could be that the iron has been reduced. However, this explanation does 

not appear likely for several reasons. 

1 .  A s  discussed above, ferrous iron i s  not soluble in the water to the concentrations observed 

due to the presence of carbonate from the limestone. 

2 .  To reduce that much iron (100 mg/L or more) would require a significant amount of 

reducing agent. While the organics in the marsh will favor reducing conditions over time, 

the organics are stable at this point (since they have been in the marsh for an extended time 

period and the readily reduced material has already reacted), and it is highly doubtful that 

they would react this quickly. 

3 .  Ferrous iron oxidizes very quickly at  the pH values observed in the sample once it i s  

exposed to air. Acid is  generated during this oxidation process. If the iron were in  the 

\ \ntupb-madison \msn-,ul6\-\ \NPr-..ISN\ l'f£'2\ 186467\0CXXl\o:x:ooJ\Ml&S467(l(XX).OOl.docx 
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[Fe2+][C032-] / [Ca2+][C032-] = l<spFeC03 / Ksp, CaC03 

( [Fe2+][C032-] ) / ( [Ca2+][C032-] ) = 2 x 10-11 / 5 x 10-9 
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ferrous oxidation state, one would expect that some of the iron would oxidize during 

sampling using a bailer and the pH would drop. In contrast, the pH values are where they 

are expected to be following treatment, and there is no suggestion that ferrous iron 

oxidation has occurred. 

4. Iron reduction was not observed in the treatability testing completed for the site in 2010, 

includli1g samples that were incubated under conditions that should have encouraged 

reduction if it were going to occur. These samples from the 2010 treatability study were 

stored in anaerobic conditions in the lab, and analyzed for SPLP arsenic in January 2012 to 

evaluate the potential for iron reduction. The results from the 2010 treatability study, 

including the analysis from January 2012, are summarized below in Table 2. The results 

from the bench scale test suggest that even after two years reaction time, iron reduction is 

not observed, and the SPLP arsenic concentrations are near or below detection and 

consistent with the level of stabilization seen in at the time of original treatment in 2010. 

Table 2 
Results of Long-term Stabil ity Treatabil ity Study Results 

SCREENING SPLP 

SAMPLE As, mg/L 

Bal last 

U ntreated 8.91 1 3  

Treated Immediate 6.56 <0.01 3 

1 0  Day 7.46 <0.01 3 

1 month 7.63 <0.01 3 

3 month 7.74 <0.01 3 

7 month 7.8 0 .020 

23 months 7.7 0 .020 

Peat Under Bal last 

U ntreated 8.36 1 1  

Treated I mmediate 6.71 <0.01 3 

1 0  Day 7.31 <0 .01 3 

1 month 7.44 <0 . 0 1 3  

3 month 7.54 <0.01 3 

7 month 7.4 0 .025 

23 months 7.7 0 .02 

® J L/. 
\ \ntnpb-madison \msiHol6 \-\ WPrvt.SN \ PJT2\ 186467\txXXI\CXXXXl3\Ml86-16700lJ..00l.docx 
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SAMPLE 

Peat in Marsh 

U ntreated 

Treated Immediate 

1 0  Day 

1 month 

3 month 

7 month 

23 months 

Table 2 
Resu lts of Long-term Stabil ity Treatabil ity Study Resu lts 

SCREENING SPLP 

8 .33 

5 .70 

6 .93 

6 .97 

7.45 

7 . 1  

7 .5  

Organic Silt in Marsh 

U ntreated 8.76 

Treated I mmediate 7.21 

1 0  Day 7.46 

1 month 7.56 

3 month 7.77 

7 month 7.65 

23 months 7.7 

Notes: 

As, mg/L 

1 8  

<0.01 3 

<0.01 3 

<0. 0 1 3  

<0 . 0 1 3  

0 .033 

0 .02 

2 .5  

<0.0 1 3 

<0.01 3 

<0.01 3 

<0 .01 3 

0 .022 

<0.01 3 

Treatabil ity study methods are described in the Hot Spot Investigation and Remedial Options Analysis Report (RMT, 
2 0 1 0) .  

Conclusions 

The most likely explanation describing the elevated arsenic concentrations in MWl l -1 and 

MWll-2, is that arsenic is not truly dissolved (and mobile), but rather is associated with finely 

divided iron particles that have passed through the filter. If this is the explanation, then the 

high arsenic levels noted in the water samples are not mobile at the site. The colloids do not 

travel very far in most groundwater and certainly would not be transported far in the marsh 

given the slow groundwater flow. Further, the colloidal concentrations should decrease over 

time as the colloids settle out, and the concentrations should be much lower in fuhue sampling 

events. 

\ \nt;,pb-madison \msn-\'016\·\ \NPMSN \PJI'2\ 186467\00'JJ\OOXXIJ \ t-.118646700X)..001.doc:x 
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Appendix G 
Kewaunee Marsh Pre-Treatment Arsenic SPLP Leaching Test Result Estimates 

CELL ASSOCIATED TRANSECT SAMPLE(S) 
TOTAL AVG. TOTAL ESTIMATED TCLP 

BORING LOG SUMMARY DEPTH ARSENIC CONC ARSENIC CONC. AS CONC.11l 
NUMBER MEDIA NAME (ft) (ft) (mg/kg) (mg/kg) 

1 NA 
0 - 2  20.8 

2 Peat M5A Peat 0 - 6. 5  2 - 4  1 090 1 370 8.4 
4 - 6  3000 
0 - 2  1 460 

3 Peat M5B Peat 0 - 7.5  
2 - 4  400 

2628 22 4 - 6  4350 
6 - 8  4300 

4 NA 
5 NA 

6 Peat M5D Peat 0 - 8. 5  
0 - 5  4960 

6 1 30 61  
5 - 7  7300 

0 - 2. 5  3070 
7 Peat M5C Peat 0 - 7.5 2 .5 - 5 .0  5060 4070 38 

5.0 - 7. 5  4080 
0 - 2  1 460 

8 Peat M5B Peat 0 - 7 .5 
2 - 4  400 

2628 22 4 - 6  4350 
6 - 8  4300 

9 NA 

1 0  Peat M4D Peat 0 - 7.5  
0 - 5  1 850 

331 0  30 
5 - 7  4770 

1 1  NA 
1 2  NA 
1 3  NA 
1 4  NA 
1 5  NA 
1 6  NA 
1 7  NA 

0 - 2  2310  
18  Peat M3D Peat 0 - 7  2 - 4  3800 2853 25 

4 - 6  2450 
0 - 2.5  1 51 0  

1 9  Peat M2C Peat 0 - 8. 5  2 .5 - 5.0 451 0  5807 57 
- 5.0 - 7 . 5  1 1 400 

\\nlapb-madisonlmsn-vol6\-\WPMSN\PJT2\ 1 86467\0000\000003\1864670000-00 1 .xlsx 
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® Appendix G (contin ued) 

Kewaunee Marsh Pre-Treatment Arsenic SPLP Leaching Test Result Estimates 

CELL ASSOCIATED TRANSECT SAMPLE(S) 
TOTAL AVG. TOTAL 

BORING LOG SUMMARY DEPTH ARSENIC CONC ARSENIC CONC. 
NUMBER MEDIA NAME (ft) (ft) (mg/kg) (mg/kg) 

0 - 2  454 

20 Peat M20 Peat 0 - 7 2 - 4  5 1 20 
2421 

4 - 6  1 930 
6 - 8  2 1 80 

Clean ballast 0 - 5 .  6 - 8  1 030 

B20 Contaminated ballast 8 - 1 0  1 420 

5 - 1 4. 1 0 - 1 2  798 
Bal last 1 2 - 1 4  533 1 094 

2 1  
Clean ballast 0 - 5 .  6 - 8  538 

B30 Contam inated ballast 8 - 1 0  2 1 30 
5 - 1 2.5 .  1 0 - 1 2  1 2 1 0  

B30 Peat 1 2. 5 - 1 4  1 2 - 1 4  2030 
Peat 

B20 Peat 1 4 - 1 7.5  1 4 - 1 5  2820 2060 
1 5 - 1 7. 5  1 330 

Clean bal last 0 - 5. 6 - 8  538 

22 
Ballast B30 Contaminated ballast 8 - 1 0  21 30 1 293 

5 - 1 2.5 .  1 0 - 1 2  1 2 1 0  
Peat B30 Peat 1 2.5 - 14 1 2 - 1 4  2030 2030 

Clean ballast 0 - 5. 
4 - 6  2880 
6 - 8  996 

23 
Bal last B2C Contaminated bal last 

8 - 1 0  
1 654 

5 - 1 2. 1 470 
1 0 - 1 2  1 270 

Peat B2C Peat 1 2 - 1 4.5  1 2 - 14 9050 9050 

Clean ballast 0 - 5. 4 - 6  3830 
6 - 8  309 

24 
Bal last B2B Contaminated ballast 

8 - 1 0  343 
1 1 81 

5 - 1 2. 
1 0 - 1 2  240 

Peat B28 Peat 1 2 - 1 5  1 2 - 1 4  1 40 1 40 

25 Peat M2B Peat 0 - 5 
0 - 2.5 4500 

8850 
2 .5 - 5  1 3200 

26 NA 
Footnotes: 

1 ' 1  Total arsenic converted to SPLP arsenic using the equation shown on Figure 2 in Appendix G. SPLP arsenic (mg/L) = 0.0 1 1  (total arsenic[mg/kg])-6.6576, when total arsenic 

concentrations are greater than 1 , 000 mg/kg . 

= Sample not collected during investigation within the limits of the treatment cell. 

ESTIMATED TCLP 
AS CONC.111 

20 

5.4 

1 6  

7.6 

16 

1 2  

93 

6.3 

NA 

91 

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\ 1 86467\0000\000003\1864670000-00 1 .xlsx 
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TRC Environmental Corporation 

708 Heartland Trail, Suite 3000 

Madison, WI 53717 

Main 608.826.3600 

Fax 608.826.3941 

From: Bob Stanforth, Ph.D. 

Memorandum 

Subject: 2011 Baseline Monitoring - Colloid and Long-Term Stability Evaluation 

Kewatmee Marsh Source Area Remediation 

Date: 

Project No.: 

Background 

January 2012 

186467.0000.0000.000003 

The arsenic source area in Kewaunee Marsh was remediated in October 201 1 and baseline 

performance monitoring was completed in November 2011 using 1 6  site monitoring wells. The 

arsenic results of the water analysis were much higher than expected for the wells constructed 

in or near the treatment area. These include MWl l -1, MWll-2 and MWll -3 completed in the 

peat, and nested wells MW11 -1 i  and MW1 1-3i completed in the underlying silt. The results for 

the wells in question are presented below in Table 1 .  

Table 1 
201 1 Basel ine Water Monitoring Results 

CONDUCTIVITY ARSENIC CALCIUM IRON SU LFATE 

WELL COLOR j.Jmhos/cm mg/L 

Wel ls in Peat Material 

MM1 1 -1 Light yel low 6.41 6 ,462 304 590 1 1 2 3 ,340 

MW1 1 -2 Light yel low 6 .88 5 ,322 1 08 429 1 65 3 , 1 20 

MW1 1 -3 Light yel low 7. 1 2  2 , 1 97 360 285 1 .28 <2 

Wells in Organic Si lt 

MW1 1 -1 i Light gray 6 .99 1 ,209 1 21 1 28 3 .94 1 24 

MW1 1 -3i Clear 7. 1 2  1 ,299 1 53 1 54 3.70 1 5.9  

\ \ntolpb-mi!dison \msn-vo\6\-\ WPMSN\ PJf2\ 186467\IXXXJ\CXXXX)J\l\ 1186-1670C(X).ffildocx 
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Treated Material 

Water collected from MWl l-1 and MWll -2 is from area that was treated, as indicated both by 

their location and by the high sulfate and calcium concentrations in the water. Both sulfate and 

calcium are contributed to the water by the treatment process (sulfate from the ferrous sulfate and 

calcium from the limestone) . The presence of the calcium and sulfate indicate that the marsh 

material has been treated and the high arsenic numbers are not the results of incomplete treatment. 

Based on all the previous treatability results and on the SPLP tests on treated material collected 

during the remediation, there is no reason to believe that the arsenic stabilization would not be 

successful .  Two possible explanations for the high arsenic levels are evaluated below. 

Colloid Evaluation 

Based on all the previous treatability results and on the SPLP tests on treated cell material 

during the remediation, there is no reason to believe that the treatment would not be successful. 

However, iron concentrations are also much higher than would be expected in the water, and 

this provides a possible explanation for the high arsenic levels. Most likely, the high arsenic 

concentrations are due to colloidal ferric hydroxide or ferric arsenate solids which may be 

passing through the 0.45f.! filter used to differentiate dissolved and particulate metals and is 

being measured as "dissolved" iron. Iron hydroxide solids often occur in the colloidal size 

range, and can pass through the filter. 

As mentioned, the iron concentrations in the water are unexpectedly high. At the pH values of 

the samples, the dissolved iron concentrations under oxic conditions where ferric iron is the 

stable form should be very low - much less than 1 mg/L. The presence of such high iron 

concentrations - in the 1 00 mg/L range - suggests that the iron is not truly dissolved . While 

ferrous iron is more soluble than ferric iron, these concentrations are above what would be 

expected for ferrous iron in the presence of carbonate. A calculation of the theoretical ferrous 

iron concentration in water under these conditions illustrates the point. Since the treatment 

process involved the addition of calcium carbonate, the carbonate concentration in the water 

will be controlled by the dissolved calcium concentration, as shown from the following 

dissolution reaction for limestone. 

Ksp, CaC03 = [Ca2+] [C032-] = 5 x 10-9 

The ferrous iron concentration, in turn will be controlled by the precipitation of ferrous 

carbonate, as follows: 

FeCOJ � Fe2+ + C02-

KspFeC03 = [Fe2+] [C032-] = 2 x 1 0-11 
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The concentrations for all three species (calcium, ferrous iron and carbonate) are described by 

their respective solubility constants (Ksp) . Since there is solid calcium carbonate present in the 

treated material, the concentrations of both calcium and carbonate will be controlled by the 

dissolution of the limestone. The carbonate concentration is the same for both solubility 

equations, which means that we can calculate the theoretical ferrous iron concentrations from 

the Ksps and the calcium concentration, as follows: 

( [Fe2+] [C032-] ) I ( [Ca2+] [C032·] ) = 2 x 10-11 I 5 x 10-9 

[Fe2+] I [Ca2+] = 4 x 10-3 

[Fe2+] = 4 x 1 0-3 ( [Ca2+]) 

In the presence of 500 mg/L calcium (or 0 .0125 M Ca2+), the dissolved iron concentration in the 

water should be 

0.0125 x 4 x 1 0-3 = 5 x 1 0-5 M, or 2.8 mg/L 

Iron concentrations are orders of magnitude higher than the theoretical solubility value, 

indicating that it is unlikely that the iron concentrations are due to dissolved ferrous iron in the 

water. 

Thus the most likely explanation for the high iron concentrations is that particulate ferric iron 

particles are passing through the filter, and these carry arsenic with them. 

Long Term Stabi l ity Evaluation 

Stabilization of arsenic using ferric iron can be reversed if the iron is reduced to the ferrous 

oxidation state. Thus, an alternative explanation for the elevated arsenic concentrations in the 

treated hot spot area could be that the iron has been reduced. However, this explanation does 

not appear likely for several reasons. 

1 .  As discussed above, ferrous iron is not soluble in the water to the concentrations observed 

due to the presence of carbonate from the limestone. 

2 .  To reduce that much iron (100 mg/L or more) would require a significant amount of 

reducing agent. While the organics in the marsh will favor reducing conditions over time, 

the organics are stable at this point (since they have been in the marsh for an extended time 

period and the readily reduced material has already reacted), and it is highly doubtful that 

they would react this quickly. 

3.  Ferrous iron oxidizes very quickly at the pH values observed in the sample once it is 

exposed to air. Acid is generated during this oxidation process. If the iron were in the 

\ \nt;tpb-madison\msn-\'ol6\ ·\ Wi'rvtSN\PJTI\ l$167\<XXXJ\OCXXXJJ\fi.II&H6700)}.001.docx 
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ferrous oxidation state, one would expect that some of the iron would oxidize during 

sampling using a bailer and the pH would drop. In contrast, the pH values are where they 

are expected to be fol lowing treatment, and there is no suggestion that ferrous iron 

oxidation has occurred. 

4. Iron reduction was not observed in the treatability testing completed for the site in 2010, 

inclu ding samples that were incubated under conditions that should have encouraged 

reduction if it were going to occur. These samples from the 2010 treatability study were 

stored in anaerobic conditions in the lab, and analyzed for SPLP arsenic in January 2012 to 

evaluate the potential for iron reduction. The results from the 201 0 treatability study, 

including the analysis from January 2012, are summarized below in Table 2. The results 

from the bench scale test suggest that even after two years reaction time, iron reduction is 

not observed, and the SPLP arsenic concentrations are near or below detection and 

consistent with the level of stabilization seen in at the time of original treatment in 2010. 

Table 2 
Results of Long-term Stabil ity Treatabi l ity Study Results 

SCREENING SPLP 

SAMPLE As, mg/L 

Ballast 

Untreated 8 .91  1 3  

Treated Immediate 6 .56 <0. 0 1 3 

1 0  Day 7.46 <0.0 1 3 

1 month 7.63 <0 .01 3 

3 month 7 .74 <0 .01 3 

7 month 7 .8  0 .020 

23 months 7 .7  0 .020 

Peat Under Ballast 

Untreated 8.36 1 1  

Treated Immediate 6.71 <0.0 1 3 

1 0  Day 7 .31  <0 .01 3 

1 month 7 .44 <0.0 1 3 

3 month 7 .54 <0 .01 3 

7 month 7.4 0 .025 

23 months 7 .7  0 . 02 
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SAMPLE 

Peat in Marsh 

Untreated 

Treated Immediate 

1 0  Day 

1 month 

3 month 

7 month 

23 months 

Table 2 
Results of Long-term Stabi l ity Treatabi l ity Study Results 

SCREENING SPLP 

8.33 

5 .70 

6 .93 

6 .97 

7.45 

7 . 1  

7 . 5  

Organic Silt in Marsh 

U ntreated 8 .76 

Treated Immediate 7 .21 

10 Day 7 .46 

1 month 7 .56 

3 month 7 .77 

7 month 7.65 

23 months 7.7 

Notes: 

As, mg/L 

1 8  

<0. 0 1 3  

<0.01 3 

<0.01 3 

<0.01 3 

0.033 

0.02 

2 .5 

<0.01 3 

<0.01 3 

<0.01 3 

<0.01 3 

0 .022 

<0.01 3 

Treatability study methods are described in the Hot Spot I nvestigation and Remedial Options Analysis Report (RMT, 
201 0) .  

Conclusions 

The most likely explanation describing the elevated arsenic concentrations in MWll-1 and 

MWll -2, is that arsenic is not truly dissolved (and mobile), but rather is associated with finely 

divided iron particles that have passed through the filter. If this is the explanation, then the 

high arsenic levels noted in the water samples are not mobile at the site. The colloids do not 

travel very far in most groundwater and certainly would not be transported far in the marsh 

given the slow groundwater flow. Further, the colloidal concentrations should decrease over 

time as the colloids settle out, and the concentrations should be much lower in future sampling 

events. 
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Steps in Chemical Addition for Kewmmee Marsh Hot-Spot Remediation 

Bob Stanforth, RMT 

May 2011 

A treatment chemistry has been developed to stabilize arsenic in the most contaminated 

sediment and water from the Kewa1.mee Marsh site. The chemistry was developed using water 

from monitoring well MW04-10 in the most contaminated area (the hot spot), and confirmed 

using contaminated sediment from both the track bed and the marsh material itself. Treatment 

involves the sequential addition of several additives, described below. 

1 .  Addition of hydrogen peroxide, to convert any arsenite in the sample to arsenate. 

Testing on the MW04-10 water showed that there was a low concentration of arsenic that 

was difficult to remove by the addition of ferric iTOn, presumably because the arsenic 
was present as arsenite not arsenate. Treating the sample with peroxide facilitated 

lowering the residual arsenic concentration to very low levels. 

2. Addition of ferric iron to precipitate ferric arsenate 

The solid is a cream color rather than the rust color of ferric hydroxide, indicating that 

the solid formed is ferric arsenate. 

3. Addition of further ferric iron to form ferric hydroxide and adsoTb additional aTsenate. The 

ferric iron is added as the sulfate salt. 

Fez(S04)3•XH20 --7 2Fe3+ + 3 S0,12- + xH20 

Fe3+ + 3 H20 --7 Fe(OH)3 + 3H+ 

Fe(OH)3 + HAs042- --7 Fe(OH)3-HAS042-

4 .  Addition of limestone to neutralize the acid generated by the reactions listed above. The 

calcium also serves to precipitate some of the sulfate introduced with the fen-ic sulfate. 

CaC03 + 2H+ --7 Ca2+ + C02(gas) + H20 

Ca2+ + S042- --7 CaS04 

This reaction generates gas. The gas should be allowed to escape before the material is 

covered or befoTe the bentonite is added in the next step. 

5. Finally, bentonite is added to reduce the peTmeability of the treated material. this step is not 

necessary for the arsenic stabilization, but provides an added assurance that arsenic will not 

leach from the treated material. 
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Weissbach ,  Annette E - D N R  

From: Kil l ian ,  James - D N R  

Sent: Wednesday , March 28 ,  20 1 2  1 2 :22 P M  

To: Stanforth , Robert 

Cc:  We issbach , Annette E - D N R; Sel lwood , Alyssa ; Bougie,  Cheryl - D N R  

Subject: RE: Comments from J i m  Ki l l ian o n  Stanforth memora n d u m  

Tha n k  you,  Bob. Yes, I forgot about the ferric iron addition being acidic; I know that was d iscussed in the plan 
memo last fal l .  

My only rema in ing concern is the potential for the Fe-bound arsen ic  partic les to be transported across the site via 
the su rface water sloughs .  Monitoring of  those sloughs  wi l l  te l l us what is happening seasonal ly a n d  over time at 
the s ite . 

Thanks aga in , 

Jim 

From:  Stanforth, Robert [mailto : RStanforth@trcsol utions.com] 
Sent: Wednesday, March 28 , 2012 09 : 56 AM 
To: Weissbach, Annette E - D N R; Sellwood, Alyssa 
Cc: Vickman, Kimberly M - D N R; Kil l ian, James - DNR 
Subject: RE: Comments from J im Ki l l ian on Stanforth memorandum 

J i m  

To a dd ress y o u r  q uestions :  

1 .  T h e  pH i s  s l ig ht ly a ci d ic beca use o f  t h e  ferric i ro n  t h a t  w a s  u s e d  i n  the  remed iat ion .  Ferr ic i ron is 

about  as ac id ic as phosphoric acid,  a n d  wi l l  take the pH down to the 2-3 ra nge ifnot b u ffe red (as 

i n  acid m i n e  d ra i n age) .  The calci u m  carbonate was added to n eutra l ize the a cid fro m  the iron, a n d  

br ing the p H  towa rds n e utra l .  T h e  n e u tra l ization process gen e rates bicarbona te, a n d  s o  the water 
s h o u ld h ave a h ig h  bicarbonate concentration .  The o rgan ic  m ateria l  from the ma rs h  (fu lvic a n d  

h u mic  ac ids, ta n n i n s, o r  w hatever yo u w a n t  t o  c a l l  i t )  cou ld poss i b ly contribute to the  a cid ity of 
the sam ple, b u t  there contrib ut ion would be u n iform thro ughout  the m a rs h ,  a n d  m ost of the 

marsh  i s  pretty neutra l .  Over t ime, l i mestone wi l l  ra ise the p H  to the s l ightly a l ka l i n e  va l u es that 
we associate with h a rd wate r, but the reaction is q u ite s low. 

2 .  See attached . 
3 .  It  i s  possi b l e  t h a t  very fin e  part icu la tes w i l l  move with the g ro u ndwater, b u t  g iven the s low 

grou ndwater flow rates a t  the  site it is ve ry u n l i kely.  Genera l ly pa rticu lates e ither  sett le or a re 
fi l tered o u t  of gro u ndwater a s  it m oves t h ro ugh t h e  soi l ,  a n d  I wou l d  expect the s a m e  to b e  true 

here. If the p a rticu l ates were i njected,  the a rsen ic wou ld  m ost l i ke ly sti l l  be toxic. H avin g  t h e  
a rse nic  i n  t h e  p a rticu l a te form w o u ld affect its mob i l ity but  n ot its tox icity. If the  a rs e n i c  h a s  

sett led out  of t h e  grou n dwater after t h e  s ix  months or  so s ince the re med iation,  t h e n  i t  w i l l  n ot 
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m ove far i n  the  groundwater. 

Bob 

Fro m :  Weissbach, Annette E - DNR [mailto :Annette.Weissbach@Wisconsin .gov] 
Sent: Wednesday, March 28, 2012 8 : 55 AM 
To: Sel lwood, Alyssa; Stanforth, Robert 
Cc: Vickman, Kimberly M - DNR; Ki l l ian, James - DNR 
Subject: Comments from Jim Ki l l ian on Stanforth memorandum 

I Alyssa, 

Page 2 of 4 

We're good on the sampl ing p lan ;  no additional  comments. So please fina l ize and g ive us some potential 
dates. 
I 'd prefer to avoid the week of April 23-27, if possible? 

I 've been talking with SLOH on the . 02 filters, not a problem. 
Kim and I can work on getting bottles, preservatives, paperwork, etc. l i ned up .  

Now to  J ims comments below. I know we're beyond scope on th is  but cou ld we have a conference cal l  to 
talk about it? And if Bob wou ldn't mind answeri ng in writing -- that would be awesome' 

I 'm tied up the rest of the week and M ,  T, W of next week, however, the week of April 9th looks good for 
both J im and I for a ca l l  

· 

Fro m :  Kil l ian, James - DNR 
Sent: Sunday, March 25, 2012 10 :22 AM 
To: Weissbach, Annette E - DNR; Bougie, Cheryl - DNR 
Cc:  Ga larneau, Stephen G - DNR 
Subject: RE: Reply requested : Kewau nee Phase II Baseline Sampl ing Proposal 

Comments re: the memorandum: 

Once again ,  Bob has done a decent job of exp la in ing complex issues of envi ronmental chemistry in 
laymen's terms. I have a few comments that I th ink wou ld he lp me better understand the s ituation at the 
hot-spot: 

1 )  Assuming "the water should have sign ifica nt bicarbonate concentration that wi l l  l imit ferrous 
concentrations . .  " ,  why then aren't pH values tend ing towards the basic, rather than acidic range? Are 
the organic tann ins that much more acidic? Or is there more ferrous being generated than i n itia l ly 
thought? 

2) For the (pre-re med iation) cross section ,  it wou ld be he lpfu l to have that x-section p lotted on the post
remedy. figure 2 ,  as I 'm  not sure where A and A' are located with reference to the remedia l  ce l ls  and wel ls. 

3) So the modified sampl ing plan is to test the hypothesis that the a rsenic is not d issolved in the water, but 
rather, "associated" with the fine ferric particles. I get it, but I don 't u nderstand why that association 
min imizes mobi l ity of the As (Other than l im it ing its abi l i ty to d issolve in water). Is there a possib i l ity that the 
iron-bound arsen ic can move lateral ly across the marsh as a solid particle in water? What does the Fe-As 
association mean in terms of human and ecological hea lth risks? How does it change ( ingested )  toxicity? 

Perhaps a short phone ca l l  with Bob and anyone else interested wou ld  be the best way to hand le the 

@ �. 
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response. 

- jk 

From: Weissbach, Annette E - D N R  
Sent: Monday, March 1 9 ,  2012 08 : 24 AM 
To: Bougie, Cheryl - DNR; Ki l l ian,  James - D N R; You ng Eagle, Jonathan - DNR 
Cc: Vickman, Kimberly M - DNR; Chronert, Roxanne N - D N R  
Subject: Reply requested : Kewaunee Phase I I  Basel ine Sampl ing Proposal 

Hi Cheryl and J im,  
for your review attached is a proposal for a phase I I  basel ine sampl ing effort focused on ly on  the 
three new wel l  nests and MW04-9. 

Why? The in itial (phase I) base l ine sampl ing conducted in November 201 1 had unexpected ly h igh  
a rsenic concentrations with in the treatment area (especial ly for those wel ls  screened d i rectly in the 
treated m�teria l ,  MW1 1 -1 and MW1 1 -2) .  See the attached g roundwater memo PDF. 

Thus th is  proposal seeks to conduct a phase I I  basel ine effort and look at various options of 
collecting and filtering samples. The main questions we want answered before establ ish ing the two 
year semi-ann ual sampl ing effort: 

• are colloids in the collected sample skewing the arsenic concentration in water 
• what type of filters should be used 
• should the existing ded icated bai lers be used or instead use low flow sampl i ng with peristaltic 

pumps . 
Ted OConnel l ,  TRC, wi l l  be the field Hydro from TRC and K im Vickman,  Ted and I wi l l  use the ir  and 
our sampl ing eq u ipment. The samples wil l  be sent to SLOH. We wil l  a lso col lect unfi ltered samp les 
from the wells and standing surface wat�r 

Based on the results of th is P hase I I  effort, we'l l  establ ish the two year semi-annual sampl ing p lan 
that Kim wi l l  imp lement. 

�---
take a look. if have comments o r  ema i l  to a l l  

March 23. We'd l i ke to get this s igned and ready to go as soon as possible. 

Jonathan ,  this wou ld be a "Goods and Services" contract. 

than ks in advance ' 

Atmette 'UI� 
WDNR Remediation & Redevelopment Program 
phone:  (920) 662-5 1 65 

Fro m :  Sel lwood, Alyssa 
Sent: Friday, March 16, 2012 08 :48 AM 
To: Weissbach, An nette E - D N R  
C c :  O'Connel l, Theodore 
Subject: Kewaunee Phase II Baseline Samp l i ng Proposal 

A n nette 

: -·-·:. 

Hope you a re enjoy ing t h i s  s u m mer l i ke weather. Ca n we hope th is means  that  a s pr ing samp l i ng  

@ �7. 
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at Kewa u nee wi l l  be snow free? 

I have attached a d raft of the propos a l  for the Phase II Base l i ne  sam p l ing  eve nt for your review. 

Let m e  know if you h ave a ny cha nges, a n d  if it is o kay to fin a l ize .  

Also,  FYI ,  the fin a l  Sou rce Area Docu m entation report was se nt out  yesterday, a n d  you s h o u l d  be 

rece iving it i n  today's m a i l .  

Alyssa Sel lwood, P .E .  
Project Engineer 

708 Heartland Tra i l ,  Su ite 3000 Mad ison,  WI 537 1 7  
T :  608. 826. 3658 I F:  608 . 826.394 1 I C :  608 .234 .8001 

com 
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Weissbach ,  Annette E - D N R  

From:  Kil l ian, James - D N R  

Sent: Wednesday, March 28, 20 1 2  1 2 :22 PM 

To: Stanforth, Robert 

Cc: Weissbach, Annette E - D N R ;  Sel lwood , Alyssa; Bougie ,  Chery l  - DNR 

Subject: RE:  Comments from J im  Ki l l ian on  Stanforth memorandum 

Thank you ,  Bob. Yes, I forgot about the ferric i ron addit ion being acidic; I know that was discussed in the plan 
memo last fal l .  

My on ly remain ing concern is the potential for the Fe-bound  arsenic particles to be transported across the site via 
the surface water sloughs. Monitoring  of those sloughs wil l  tel l  us what is happening seasonal ly and over time at 
the site. 

Thanks aga i n ,  

J im 

Fro m :  Stanforth, Robert [mai lto : RStanforth@trcsolutions.com] 
Sent: Wednesday, March 28, 2012 09 :56 AM 
To: Weissbach, Annette E - D N R; Sel lwood, Alyssa 
Cc: Vickman, Kimberly M - D N R; Kil l ian, James - D N R  
Subject: RE: Comments from J im Ki l l ian o n  Stanforth memorand um 

J i m  

To add ress you r q ue stion s :  

1.  The pH is s l ight ly ac id ic  beca use of the  ferric iron that  was used in  the remed iation .  Ferr ic  i ro n  is 
a bout  as ac id ic  a s  p h o s p h oric acid,  and wil l  ta ke the pH down to the 2-3 range ifnot buffered (as 

in  acid m i n e  d ra i n age ) .  The calc iu m  ca rbo.nate was added to n e utra l i ze the acid fro m the i ro n, a n d  
br ing the p H  tow a rd s  n eutra l .  The  n eutra l i zat ion p rocess gen e rates b icarbon ate, a nd so the  water 
shou ld  h ave a h ig h  b icarbonate conce ntrat io n .  The orga n i c  m ateria l fro m  the marsh (fu lvic a n d  

h um i c  acids, ta n n i ns, o r  w hatever you wa n t  t o  c a l l  it) cou l d  poss i b ly contribute t o  t h e  a c id ity of 
the sam ple, but there contr ibution  wo u l d  be u n iform th roughout  the marsh,  and most of the 
m a rsh is p retty n e utra l .  Over t ime,  l i m esto ne wi l l  raise the pH to the s l ightly a l ka l i n e  va lues that 

we associate with h a rd water, but  the reaction is q u ite s low.  

2.  See attached.  

3 .  I t  i s  poss i b l e  that  very fin e  p a rticu lates w i l l  m ove with the gro u n dw ater, but g iven the s low 

grou ndwater flow rates at the site i t  i s  very u n l ike ly . Gene ra l ly particu lates either sett le or  a re 

fi ltered out  of grou n dwater a s  it m oves t h ro ugh the soi l ,  a n d  I wou ld  expect the sa m e  to b e  true 
h e re .  If the particu lates were i njected, the a rsen ic  would m o st l i ke ly sti l l  be toxic.  H av ing  the 
a rsen ic i n  the pa rticu la te form would affect its mob i l ity b ut n ot its tox icity. If the a rsen ic h a s  
settled o u t  of the  g ro u ndwater after the s i x  months or  so  s i n ce the  remed iation, then it  w i l l  n ot 
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move fa r in the groundwater. 

Bob 

From: Weissbach, Annette E - D N R  [mailto :Annette.Weissbach@Wisconsin.gov] 
Sent: Wednesday, March 28, 2012 8 :55 AM 
To: Sellwood, Alyssa; Stanforth, Robert 
Cc: Vickman, Kimberly M - DNR; Ki l l ian, James - DNR 
Subject: Comments from J im Ki l l ian on Stanforth memorandum 

I Alyssa, 

Page 2 of 4 

We're good on the sampl ing plan ; no add itional  comments. So please final ize and g ive us some potential 
dates. 
I 'd prefer to avoid the week of April 23-27,  if possib le? 

I 've been ta lk ing with SLOH on the .02 filters, not a problem. 
Kim and I can work on getting bottles, preservatives, paperwork, etc. l ined up .  

Now to J ims comments below. I know we're beyond scope on th is but cou ld we have a conference cal l  to 
tal k  about it? And if Bob wouldn't mind answering in writing -- that wou ld be awesome!  

I 'm tied u p  the rest of the week and M, T, W of next week, however, the week of Apr i l  9th looks good for 
both J im  and I for a call 

· 

From: Kil l ian, James - DNR 
Sent: Sunday, March 25,  2012 10 :22 AM 
To: Weissbach, An nette E - DNR; Bougie, Cheryl - D.NR 
Cc: Gala rneau, Stephen G - DNR 
Subject: RE : Reply req uested : Kewau nee Phase II Basel ine Sam pl ing Proposal 

Comments re: the memorandum:  

Once agai n ,  Bob  has  done a decent job of  explaining complex issues of  envi ronmental chemistry in  
laymen's terms. I have a few comments that I th i nk  wou ld he lp me better understand the situation at  the 
hot-spot: 

1 )  Assuming "the water should have s ign ificant b icarbonate concentration that wi l l  l imit ferrous 
concentrations . .  " ,  why then aren't pH values tend ing towards the basic, rather than acid ic range? Are 
the organic tann ins that much more acid ic? Or is there more ferrous being generated than in itia l ly 
thought? 

2) For the (pre-remediation )  cross section ,  it would be he lpful to have that x-section p lotted on the post
remedy. figu re 2, as I 'm not sure where A and A' are located with reference to the remedial  cel ls and wel ls .  

3) So the modified sampl ing plan is to test the hypothesis that the arsenic is not d issolved i n  the water, but  
rather, "associated" with the fine ferric particles. I get i t ,  but  I don ' t  understand why that association 
min im izes mobi l ity of the As (Other than l im it ing its ab i l ity to d issolve in water) . Is there a possib i l ity that the 
i ron-bound arsen ic can move lateral ly across the marsh as a solid particle in water? What does the Fe-As 
association mean in terms of human and ecological health risks? How does it change ( i ngested) toxicity? 

Perhaps a short phone ca l l  with Bob and anyone else interested would be the best way to handle the 

® �-
03/28/20 1 2  
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response. 

- jk 

From: Weissbach, Annette E - D N R  
Sent: Monday, March 19, 2012 0 8 : 24 AM 
To: Bougie, Cheryl - DNR; Kil l ian, James - DNR; Young Eag le, Jonathan - DNR 
Cc: Vickman, Kimberly M - DNR; Chronert, Roxanne N - D N R  
Subject: Reply requested : Kewaunee Phase I I  Basel ine Sampling Proposal 

03/2 8/20 1 2  

H i  Chery l and J im,  
for your review attached is a proposal for a phase I I  basel ine sampl ing effort focused on ly on the 
three new wel l  nests and MW04-9 . 

Why? The in it ial (phase I )  base l ine sampl ing conducted in November 201 1 had unexpectedly high 
arsenic concentrations with i n  the treatment area (especia l ly for those wel ls screened d i rectly i n  the 
treated materia l ,  MW1 1 -1 and MW1 1 -2) .  See the attached groundwater memo PDF.  

Thus th is proposal seeks to conduct a phase I I  basel ine effort and look at various options of 
collecting and filtering samples.  The main questions we want answered before establ ish ing the two 
year semi-annua l  sampl ing effort: 

• are col loids i n  the co l lected sample skewing the arsen ic  concentration i n  water 
• what type of filters shou ld be used 
• should the existing ded icated bai lers be used or instead use low flow sampl ing with peristaltic 

pumps . 
Ted OConne l l , TRC, wi l l  be the field Hyd ro from TRC and Kim Vickman,  Ted and I wil l use their and 
our sampl ing equ ipment. The samples wi l l  be sent to SLOH. We wi l l  a lso col lect unfi ltered samples 
from the wel ls and stand ing surface wat�r. 

Based on the results of th is Phase II effort, we' l l  establ ish the two year semi-annua l  sampl i ng p lan 
that Kim wi l l  imp lement. 

· 

----
take a look. if have comments or email  to a l l  

March 23.  We'd l i ke to get th is signed and ready to go as soon as possible.  

Jonathan, this would be a "Goods and Services" contract. 

thanks in advance !  

Afffldte 'UJ� 
WDNR Remediation & Redevelopment Program 
phone:  (920) 662-5 1 65 

Fro m :  Sellwood, Alyssa 
Sent: Friday, March 16, 20 12 08:48 AM 
To: Weissbach, Annette E - D N R  
Cc: O'Connel l,  Theodore 
Subject: Kewaunee Phase II Basel ine Sampling Proposal 

A n n ette 

H o p e  you a re enjoying th is  s u m me r  l i ke weather .  Ca n we hope this means that a spring sa m p l i n g  

® s. 

So., please you any suggestions please by 

[ma ilto:ASellwood@trcsolutions.com] 
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at Kewaunee wi l l  be snow free? 

I have attached a d raft of the proposal  fo r the Phase I I  Base l i n e  sa m pl ing event for you r  review. 

Let me know if you have a ny cha nges, and if it is o kay to fina l ize .  

Also,  FYI ,  the fin a l  Source Area Documentation report was sent out yesterday, and you s h o u ld be 

receiving it in  today's m a i l .  

Alyssa Sel lwood, P . E .  
Project Engineer 

708 Heartland Tra i l ,  Su ite 3000 Madison, WI 537 1 7  
T: 608. 826.3658 I F :  608 . 826.3941 I C:  608. 234.8001 
asel lwood@trcsolutions. corn 
Fol low us on Linked l n  or Twit�r 1 

This email has been scanned by the Symantec Email Security . cloud service. 
For more information please visit 

This email has been scanned by the Symantec Email Security.cloud service. 
For more information please visit http://www.symanteccloud.com 

03/2 8/2 0 1 2  
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CTRC 

Phase II Baseline Monitoring (Revised - April 27, 201 2) 
Kewaunee Marsh - Kewaunee, Wisconsin 

Purpose 
To evaluate if the elevated arsenic concentrations in the water in the treatment area are associated 

with colloidal particles, and determine if changes are needed in the sampling protocol to obtain 

representative samples of the dissolved phase arsenic concentrations at the Kewaunee Marsh. 

Low Flow Sampling Evaluation 

Evaluate options for low flow water collection methods to minimize disturbance of groundwater 
during sampling. The low hydraulic conductivity and slow recovery of the water in wells at the 

Kewaunee marsh may require that modified low flow sampling methods be used. TRC proposes 

evaluating the three general methods described below during the Spring 2012 sampling event. In 

all cases water levels will need to be monitored closely, using a water level indicator, in order to I 
maintain adequate well volume prior to sampling. The methods listed below would be evaluated 

such that a low flow sampling protocol could be developed for the site. 

1 .  Low flow sampling using a peristaltic pump and flow through cell . Collect sample using 

standard low flow sampling protocol, but allow for adjustment in pumping rates and 

frequency of parameter readings due to low well volume yields. 

2. Well volume purge and low flow sampling combination. Remove initial stagnant well 

volume, or until well goes dry. Once the well has recovered, perform low flow 

stabilization/sampling using a peristaltic pump and flow through cell. 

3. Low flow sampling using a peristaltic pump and submerged meter probes. Collect sample 

using low flow sampling protocol, but set meter down the well with sample tubing placed 

just above the meter. This method would allow for a significantly slower pump rates. 

Decontamination of the meter would be required between each well. 

Fi lter Size Evaluation 
Evaluate effect filter size has on the concentration of arsenic in water to determine if elevated 

arsenic concentrations are associated with colloidal particles (typical colloid size ranges from 

0.001 and 1 micron). 

1. Unfiltered: Collect unfiltered samples and place into 250 mL sample jar preserved with 

nitric acid. Sample will be analyzed without further filtration. 

April 27, 2012 
P:\_ VISION\ 191336\ REVISEO PROGRAM.OOCX I 191336.9990.0000 @,. 



QTRC isconsin Department of INlahnal esources 

2. 0.45 and 0.20 micron Field Filter: Collect samples in series using 0.45 micron and 

0.20 micron field filters. Samples collected with a bailer will be filtered off-line. Samples 

collected using a low flow method will be collected in-line, as site conditions allow, in order 

to minimize alternation of the iron speciation from its native state in the marsh. If in-line 

filtration cannot be achieved in the field because of low recovery rates in the monitoring 

well, off-line filtration will be allowed, and documented in the field notes. Place filtered 

samples into 250 mL sample jar preserved with nitric acid. 

3. Centrifugal Ultrafiltration at lOOkD (0.01 to 0.02 micron): A 0.20 micron filter is the smallest 

filter size that can practically be applied in the field, but other methods of filtration are 

available in the laboratory. In this case centrifugal ultrafiltration will be completed by the 

Wisconsin State Lab of Hygiene to filter potential colloidal particles. Centrifugal filtration 

will be completed on both unfiltered and post-0.2-micron filter water samples. 

a) From Unfiltered Sample: Collect unfiltered samples and place into 60 mL sample 

jar, with no preservation. Remove all head space from jar and keep on ice and away 

from light exposure. Sample to be delivered to laboratory and subject to centrifugal 

ultrafiltration as quickly as possible after collection. 

b)  From Post 0.2-micron: Collect sample following filtration through 0 .2 micron field 

filter, a:nd place into 60 mL sample jar, with no preservation. Remove all head space 

from jar and keep on ice and away from light exposure. Sample to be delivered to 

laboratory and subject to centrifugal ultrafiltration as quickly as possible after 

collection. 

Sampling Plan 

A systematic sampling approach is recommended to isolate components of the water sampling at 

Kewaunee Marsh that may be contributing to the measurement of elevated arsenic 

concentrations in the treatment area, and to determine modifications to the sampling protocol, if 

any, that would be recommended for water sampling at Kewaunee Marsh . The proposed 

sampling plan is summarized in Table 1 below. 

April 27, 2012 
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-
FLOW MI!=THOD 

Low Flow 1 
Low Flow 2 
Low Flow 3 

Selected Low 
Flow Method 

Baile.r 
(Current 
Method) 

Notes 

TABLE 1 
KEWAUNEE MARSH · PHASE I I  SAMPLING PROGRAM 

MAY 201 2 

FILTER SAMPLING SUGGESTED ANALYSIS 
METHOD MONITORING yVELLS # SAMPLE . PURPOSE 

None MW1 1 -2 None Evaluate feasibil ity of 

MW1 1 -3i suggested low flow methods 

MW02-3 on typical wells and select 
(or any well ,not sampled) one method to use for 

sample collection 

Field Fi lter: 0 .45 1-Jm MW1 1- 1  (treated) As & Fe Determine effect flow 

MW1 1 -3 (untreated , high As) method on arsenic 

MW04-9 (untreated,  low As) (3) Preserved concentration without 
altering filter size 

- Unfiltered MW1 1 -1 As & Fe Determine effect of 

MW1 1 -3 combination of flow method 

- Field Fi lter: 0.2 1Jm(1 l MW04-9 (6) Preserved and filter s ize on arsenic 
concentration 

- Lab Centrifu�al  MW1 1 -1 As & Fe 

Ultrafi ltration 2' MW1 1 -3 
(a) Unfiltered MW04-9 . (6) Unpreserved · 

(b) Post 0 .2 1-Jm 

Field Fi lter: MW1 1 -1 As & Fe Establish control conditions 

0.45 1-Jm MW1 1 -3 for current method 

MW04-9 (3) Preserved 

- Unfi ltered MW1 1 -1 As & Fe Determine effect of filter 

MW1 1 -3 (6) Preserved size on arsenic 

- Field Fi lter: 0.2 1Jm(1 ) MW04-9 concentration without 
altering flow method 

- Lab Centrifu�al As & Fe 

Ultrafiltration l 

(a) Unfiltered (6) Unpreserved 

(b) Post 0.2 1-Jm 

18 Preserved <' 

Total 1 2  Unpreserved 

P> The samples should be collected in series from unfiltered to 0.45 micron to 0.2 micron using the suggested flow method. 
12> The samples collected for laboratory centrifugal ultrafiltration will not be preserved in the field (i.e. no acid addition). 

April 27, 2012 
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Beggs, Tau ren R - D N R  

From: 

Sent: 
To: 

Subject: 
Attachments: 

Ta u re n  

Sta nforth, Robert < RSta nfo rth@trcsolutions.com > 

Friday, May 09, 2014 9:35 A M  

Beggs, Tau ren R - D N R  

R E :  Draft Proposal  - Kewau nee Marsh 

Kewa u nee Spri n g  G roundwate r Sample Ana lysis.docx 

It was a p leasure to m eet you .  I ' l l  have the proposa l to you next week, so that you can review it when you get back. 

Attached a re the resu lts for the sam ples I a na lyze d .  ( Please note that the sam ples have been ana lyzed o n  ICP, but  not 

strictly fo l lowing E PA protocol, so they are good for help ing to u nd e rsta nd what is go ing o n  at the site, but not for 

regu latory p urposes . )  I have com pa re d  the results with last yea r's sam ples col lected at a r o u n d  the sam e  t i m e .  The re is 

surprisingly l ittle d ifference betwee n  the results fo r the two yea rs As d ropped from 49 to 10 mg/L at M W 11-2, a n d  from 

390 to 300 at M W-3, but  other than that the resu lts a re pretty m uch the same.  Perhaps t h is j ust confirms I nd icates that 

the gw is n ot moving very fast. 

Bob 

From: Beggs, Tauren R - DNR 
Sent: Friday, May 09, 2014 8 : 19 AM 
To: Stanforth, Robert 
Subject: Draft Proposal - Kewaunee Marsh 

I have reviewed your  d raft proposal  for Kewau n e e  M a rsh a n d  it looks good to me. I have no revisions to include. I wi l l  

be gone a l l  next wee k  fo r a tra in ing, so if you need to get a hold of me, please leave me an emai l  a nd I wi l l  try to respo nd 

when I ca n .  My supervisor wil l  be taking the sam ples I col lected from Kewa unee M a rs h  to the state la b on M a y  

20th. Once I g e t  the resu lts back, I wi l l  u pdate the a rsenic conce ntrations t a b l e  and s e n d  i t  to you .  

Tha nks, 

� 7awten liZ g'� 
Hydrogeologist 

Remediation and Redevelopment Program 

Wisconsin Department of Natural Resources 

2984 Shawano Ave 
Green Bay WI 54313 
(�) phone: (920) 662-5178 

('li) fax: (920) 66 2-5197 

(: ,::) e-mai l : 
d n r.wi .gov 

li1f2 F 

We are committed to service excellence. Click here to evaluate how I did. 

1 

[mailto:Tauren.Beqgs@wisconsin.gov] 

Hi Bob, 

tauren.beggs@wisconsin.gov 



Sample 

Location Treatment pH 

MW11-1 Apri l 2013 6.50 

M ay 2014 

MW11-1i  Apri l 2013 7 .32 

M ay 2014 

MW11-2 Apri l 2013 6.64 

May 2014 

MWll-3 Apri l 2013 7 .32 

May 2014 

MW1 1-3i Apri l 2013 7 .28 

May 2014 

Kewaunee Spring G roundwater Sample Ana lysis 

Bob Sta nforth, TRC Appl ied Chemistry Labo ratory 

Para m eter 

As Ca F� 
35 450 780 

29 430 740 

120 120 4 .7  

1 10 120 5 . 7  

49 580 170 

10 620 190 

390 330 4.2 

300 3 10 4.5 

47 150 6.3 

. 52 140 4.0 

Mg N a  s 
3,200 1,600 5,300 

3,000 1,900 5,500 

50 13 < 10 

47 13 < 10 

470 130 740 

470 160 800 

130 23 < 10 

120 26 < 10 

44 30 < 10 

42 27 < 10 
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Table 2 
Treatment Using Adsorption on Aluminum or Titanium Oxides and Ferrous Sulfide Injection Results 

SAMPLE 

DOSE 
REAGENT (giL) pH 

Untreated 6 .95 
7 .06 

Ai203 0. 1 0  6.99 

0.25 7.01 
0 .50 7.01 
1 .0 6.99 
2 .0  7.04 
2 .5  7.08 
5 .0 7 . 1 1 
1 0  7 . 1 1 

20 7 .00 
50 7 . 1 7  
1 00 -

TiOz 0. 1 0  7.08 
0.25 7 .08 
0.50 7 .05 
1 . 00 7.09 
2 .00 7 .04 
2.5 7. 1 5  
5 .0 7.09 

Preformed FeS 2 .5  7. 1 2  

5 .0 7.25 
1 0  7.43 
25 7.76 

NaHS 0 .25 8 . 1 1  
( 1  0% solution, 0 .50 8.26 
mL/40mL) 1 .0 8 . 37 

2 .0  8 .47 
1 ml 1 0% FeS04 0.25 6 .56 
+ 1 0% NaHS 0 .50 6.44 

1 . 0 6.25 
2 .0  6.34 

2 ml 1 0% FeS04 0 .25 6 .31 
+ 1 0% NaHS 0 .50 6 .31 

1 .0 5.89 
2 .0  5 .89 

TRC Environmental Corporation I Wisconsin Department 

of Natural Resources - Kewaunee Marsh 
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RESULTS 

As OTHER PARAMETERS 
(mg/L) (mg/L) 

280 1 . 1  AI 
290 0 .96 AI 
280 
280 
270 
260 
240 
250 
21 0 
1 50 0.73 AI 
64 0.82 AI 
7.7 0.72 AI 
7.9 0 .59 AI 
290 
280 
280 
280 
250 
260 
230 
1 70 0 .58 Fe,33 S 
1 1 0 2 .0  Fe, 54 S 
98 1 .9 Fe, 1 1 0 S 

1 00 0 .57 Fe, 4QO S 
1 40 1 700 s 
1 30 9400 s 
1 20 28000 s 
1 20 57000 s 
70 740 Fe, 1 400 S 
45 560 Fe, 960 S 
51 1 40 Fe,  830 S 
51 1 40 Fe,  760 S 
82 2000 Fe, 1400 S 
61 1 700 Fe,  1 300 S 
24 1 300 Fe, 1 300 S 
23 1 300 Fe, 1 300 S 

Final Copy April 2015 
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Table 3 
Summary of Treatment Testing Using In-Situ Reduction Resu lts 

Note: The dates given are the sampl ing dates. The experiment started November 1 0, 2014 .  

SAMPLE 

REAGENT DOSE pH 

Nov 1 0, 201 4 (Start) 

Untreated 7.20 
Ferrous Lactate 1 0  mM 6 .90 

25 mM 6.67 
50 mM 6.48 

Fe(O) 10 mM 7.27 
25 mM 7.28 
50 mM 7 .35 

Ferrous lactate + 1 0  mM 7 .07 
Fe(O) 25 mM 6.86 

50 mM 6 .67 

Dec 1 8, 201 4 (One Month) 

Untreated 7 .33 
Ferrous Lactate 1 0  mM 7 .06 

25 mM 6.45 
50 mM 6.40 

Fe(O) 10 mM 7 .31  
25 mM 7 . 34 
50 mM 7 .47 

Ferrous lactate + 1 0  mM 7.20 
Fe(O) 25 mM 6 .80 

50 mM 6 .50 

January 1 2, 201 5  (Two Months) 

Ferrous Lactate 1 0  mM 7 .41  
25 mM 6.65 
50 mM 6.22 

Fe(O) 1 0  mM 7 .35 
25 mM 7 .37 

50 mM 7.42 
Ferrous lactate + 1 0 mM 7 .58 
Fe(O) 25 mM 7 .67 

50 mM 6 .59 

@ 4. 
TRC Environmental Corporation I Wisconsin Department 
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CONCENTRATIONS 

As Fe s 
(mg/L) (mg/L) (mg/L) 

1 90 1 .3 < 1 0 
1 40 99 320 
1 30 5 1 0  7 1 0  
140 1 500 1 400 
1 80 5 .9 <1 0 
1 80 1 .2 < 1 0  
1 70 0.80 < 1 0  
140 25  1 60 
1 1 0  1 50 380 
1 1 0 530 740 

200 5.2 < 1 0  
2.2 35 <1 0 
0.28 220 200 
30 1 500 1 300 
1 80 1 0  <1 0 
1 80 5 .5  < 1 0  
1 30 1 .4 < 1 0  
2.6 26 < 1 0  
1 . 0 63 <1 0 
9.4 590 590 

2.2 21 1 5  
0.56 95 <1 0 
<0. 1 3  1 , 1 00 975 
1 80 4 .6  < 1 0  
1 20 1 .4 < 1 0  
1 80 8 .5  < 1 0  
0.92 1 0.3  < 1 0  
3 . 1  6 .6  22 
0.35 1 00 < 1 0  

Final Copy April 2015 



Table 4 
Treatment Testing Results Using Ferrous Sulfate-Sod ium Lactate 

RESU LTS AT Dl FFERENT REACTION TIMES 
(mg/L, except for pH) 

PARAMETER UNTREATED INITIALI'l START ONE MONTH 

1 0  mM Ferrous Lactate 

pH 7.20 7.33 . 6.90 7 .06 

As 1 90 200 200 1 40 2.2 

Ca 240 270 260 390 350 

Fe 1 . 3 5 .2 560 99 35 

Mg 96 1 1 0 1 05 1 30 1 20 

Na 22 22 460 450 440 

s < 1 0  <1 0 320 320 < 1 0  

2 5  m M  Ferrous Lactate 

pH  7.20 7.33 - 6.67 6.45 

As 1 90 200 200 1 30 0.28 

Ca 240 270 260 490 470 

Fe 1 . 3 5.2 1 420 5 1 0  220 

Mg 96 1 1 0 1 05 1 40 1 40 

Na 22 22 1 1 50 1 , 000 1 ,000 

s < 1 0  <1 0 800 7 1 0  200 

50 mM Ferrous Lactate 

pH 7.20 7.33 - 6.48 6.40 

As 1 90 200 200 1 40 30 

Ca 240 270 260 61 0 720 

Fe 1 . 3 5.2 2800 1 ,500 1 , 500 

Mg 96 1 1 0 1 05 1 50 1 70 

Na 22 22 2300 21 00 2 ,200 

s <1 0 <1 0 1 600 1 400 1 ,300 

Note: 

l'l Calculated concentrations of iron, sodium and sulfur based on reagents added. 

TWO MONTHS 121 

7.41 

2 .9/1 .5  

280 

24/1 8 

1 1 0 

420 

1 5/1 4 

6.65 

0.56 

380 

97/94 

1 30 

970/980 

<1 0 

6.22 

<0. 1 3  

630/640 

1 ' 1  00 

1 60 

2 , 1 00 

970/980 

121 Duplicate samples were analyzed. The results for both duplicates are presented. A single number indicates the duplicates 
had the same concentration . 
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Table 5 
Treatment Testing Resu lts Using Metall ic I ron (Fe(O)) 

RESU LTS AT DIFFERENT REACTION TIMES 
(mg/L, except for pH) 

PARAMETER U NTREATED START ONE MONTH 

1 0  mM Fe(O) 
pH 7.20 7 .33 7.27 7 .31  

As 1 90 200 1 80 1 80 

Ca 240 270 230 280 

Fe 1 .3 5.2 5.9 1 0  

Mg 96 1 1 0  91 1 1 0 

Na 22 22 27 28 

s <1 0 <1 0 <1 0 < 1 0  

2 5  m M  Fe(O) 
pH 7.20 7.33 7.28 7 .34 

As 1 90 200 1 80 1 80 

Ca 240 270 230 260 

Fe 1 .3 5.2 1 .2 5.5 

Mg 96 1 1 0 93 1 00 

Na 22 22 2 1  2 1  

s <1 0 <1 0 <1 0 < 1 0  

50 m M  Fe(O) 
pH 7.20 7 .33 7.35 7.47 

As 1 90 200 1 70 1 30 

Ca 240 270 220 2 1 0  

Fe 1 .3 5.2 0 .80 1 .4 

Mg 96 1 1 0  92 90 

Na 22 22 2 1  21  

s <1 0 <1 0 < 1 0  < 1 0  

Note: 

TWO MONTHS 11l 

7.35 

1 80 

270 

4 .5/4. 7  

1 1 0/1 00 

1 2/1 1 

< 1 0  

7 .37 

1 20 

230 

1 .4 

91 

1 0/8.3 

< 1 0  

7.42 

1 80 

280 

7 .7/9.2 

1 1 0 

8 .7/7.4 

< 1 0  

11l  Duplicate samples were analyzed. The results for both duplicates are presented. A single number indicates the duplicates 
had the same concentration. 
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Table 6 
Treatment Testing Resu lts Using Ferrous Su lfate-Sodium Lactate and Metal l ic I ron 

PARAMETER UNTREATED 

1 0 mM Ferrous Lactate - Fe(O) 
pH 7.20 7.33 

As 1 90 200 

Ca 240 270 

Fe 1 .3 5 .2 

Mg 96 1 1 0 

Na 22 22 

s <1 0 <1 0 

25 mM Ferrous Lactate- Fe(O) 
pH 7.20 7 .33 

As 1 90 200 

Ca 240 270 

Fe 1 .3 5.2 

Mg 96 1 1 0 

Na 22 22 

s <1 0 <1 0 

50 mM Ferrous Lactate- Fe(O) 
pH  7 .20 7 .33 

As 1 90 200 

Ca 240 270 

Fe 1 .3 5.2 

Mg 96 1 1 0  

Na 22 22 

s < 1 0  <1 0 

Notes: 

RESU LTS AT DI FFERENT REACTION TIMES 

INITIAL I'! 

-

200 

260 

560 

1 05 

230 

1 60 

-

200 

260 

1 420 

1 05 

675 

400 

-

200 

260 

2800 

1 05 

1 1 50 

800 

(mg/L, except for pH) 

START 

7.07 

1 40 

31 0 

25 

1 20 

250 

1 60 

6 .86 

1 1 0  

4 1 0  

1 50 

1 40 

570 

380 

6.67 

1 1 0 

5 1 0  

530 

1 50 

1 ' 1 00 

740 

ONE MONTH 

7 .20 

2.6 

320 

26 

1 20 

240 

<1 0 

6.80 

1 . 0 

380 

63 

1 20 

540 

< 1 0  

6.50 

9.4 

580 

590 

1 50 

1 , 1 00 

590 

l'l  Calculated concentrations of iron, sodium and sulfur based on reagents added. 

TWO MONTHS 12! 

7.58 

0.92 

230/220 

1 2/8 .6 

1 00/97 

240/230 

< 1 0  

7.67 

3 .2/3 .0  

1 60 

6 .7/6.5  

8 1 /80 

51 0 

22 

6.59 

0 .31 /0 .39 

4 1 0  

1 00 

1 30 

1 , 1 00 

< 1 0  

121 Duplicate samples were analyzed. The results for both duplicates are presented. A single number indicates the duplicates 
had the same concentration .  
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Victor, Elizabeth A - D N R  

From: 

Sent: 

To: 

Cc: 

Subject: 

Attachments: 

Xiaoc h u n  

Stanforth, Robert < RStanforth @trcso l utions.com >  

Wed nesday, Decem ber 1 3, 20 1 7  3 :43 PM 

Zhang, Xiaochun - D N R; Victor, El izabeth A - D N R  

Bougie, Cheryl - D N R; K i l l ia n, James - D N R  

R E :  Kewau nee Marsh arsenic Project 

Sta bi l izatio n  Approaches Tested for Kewau nee Marsh Sed iments.docx 

It was a p leasure to meet with yo u a nd Liz th is  morning a n d  d iscuss the Kewa unee M a rs h .  H opefu l ly  the d iscussion has 

been of some use to yo u .  

I 've l isted t h e  sta bi l ization a pp roaches that were tested d u ring t h e  va rious treata bi l ity stud ies i n  t h e  attached m e m o .  

Also inc luded a re s o m e  i d e a s  of w h a t  could be done a t  the site. These a re j ust som e  tho ughts intended s im ply t o  sta rt a 

d iscuss ion .  

O n e  of the p uzz les (for me a nyway) at t h e  s ite is h o w  t h e  a rsenic gets t o  be so widespread late ra l ly  a ro u nd t h e  ca p ped 

a rea, such a s  the 5 mg/L leve ls  i n  the s u rface water south of the tracks that we d iscusse d .  DNR found 500 ug/L in  a 

s imi la r sa m p le (Figure 2.4 of the Test P lots report - 2010), a nd there a re some fa irly h igh n u m bers in the ponds to the 

north of the site.  Someth ing to think a bo ut.  

Bob 

From: Zhang, Xiaoc h u n - D N R  [ma i lto:Xiaochu n.Zhang@wiscons in .gov] 

Sent: Tuesd ay, Dece m be r  12, 2017 3 :54 PM 

To: Sta nforth, Robert < RSta nforth @trcso l utio ns.com>; Victor, E l izabeth A - D N R  < E i iza beth.Victo r@wisco nsin .gov> 

Cc: Bougie, Cheryl - D N R  <Cheryi .Bo ugie@wisco nsin .gov>; K i l l i an ,  James - D N R  <Ja m es .K i l l i a n @ wisco nsin .gov> 

Subject: R E :  Kewa unee M a rsh a rsenic  P roject 

Hi Bob, 

I started working on the proj ect not long ago. I was thinking it wil l be beneficial to me if we could have a 
summary of remedial alternatives that TRC has evaluated for the site and the pros and cons of the 
alternatives. If it takes a long time to cover al l alternatives you could select the ones that may be more feasible 
for the site. 

Also I would like to let you know that I contacted Ted O' Connell earlier in an effort to understand field 
sampling protocols  TRC used in the past (see attached message). The purpose was to make sure that similar 
sampling methods wil l  be used for future assessment. I hope that either Ted or you could elaborate on some of 
your field experiences and recommendations for improvement if needed. 

I am looking forward to meeting with you tomorrow. 

Xiaochun 

We a re com mitted to service excel lence. 
Visit our su rvey at to eva lu ate how I d id .  

1 

http:// d n r. wi .gov/custom ersu rvey 
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X i a oc h u n  Zh a n g  

Phone:  {608}264-8888 

Fro m :  Stanforth, Robert 
Sent: Monday, December 1 1, 2017 2 : 3 5  PM 
To: Victor, El izabeth A - D N R  
Cc: Zhang, Xiaoch u n  - D N R  
Subject: RE:  Kewaunee Marsh arsenic Project 

The d a rk recesses get harder to reach the o l d e r  I get. 

I ' l l  review the re p o rts as we l l .  

Bob 

From: Victo r, E l iza beth A - DNR 

Sent: M o nday, December 11, 2017 2 : 33 P M  

To: Sta nforth, Robert 

Cc: Zha ng, Xiaoch u n - DNR 

Subject: R E :  Kewa u nee M a rsh a rse nic Project 

How good at you at reaching into the dark  recesses of your brain? 

I th ink  focus on  the work that you have d o ne in  trying to figure out  where the a rse nic is going - how is it leaving 

the site o r  where it m ight be concentrate d .  Take a look at the repo rts yo u prepared fo r us .  I p lan on  looking 

th ro ugh those re p orts aga in today or to mo rrow. If I have specific q u estions, I wi l l  e m a i l  these to yo u .  How does 

that sound? 

Liz 

We are committed to service excel lence. 
Visit our su rvey at to eva l uate how I did .  

E l izabet h  A. V i ct o r, P . G .  

Phone:  (920) 303-5424 

From: Sta nforth, Robert 

Sent: M o nday, December 11, 2017 2 :27 P M  

To: Victor, E l izabeth A - D N R  

Subject: R E :  Kewa u n ee M a rsh a rsenic Project 

Sou nds good .  See you then.  Anyth ing in  part icu lar  yo u wo u l d  l i ke me to review? 

From : Victor, E l iza beth A - D N R  

Sent: M o nday, December 11, 2017 3 :26 P M  

To: Sta nforth, Rob e rt 

Subject: RE :  Kewa u nee Marsh a rsenic Project 

2 

Xiaochun .zhang@wisconsin .gov 

[ mailto: RStanforth@trcsolutions.com] 

[mailto:Elizabeth.Victor@wisconsin.gov] 

<R5tanforth@trcsolutions.com> 
<Xiaochun.Zhang@wisconsin .gov> 

http:// d n r. wi .gov I custo mersu rvey 

elizabeth .victor@wisconsin .gov 

f ma ilto: RS ta nforth@trcsolutions.com] 

<Elizabeth .Victor@wisconsin.gov> 

[mailto :Elizabeth.Victor@wisconsin.gov] 

<RStanforth@trcsolutions.com> 



Sta bi l ization Approaches Tested for Kewa unee M a rsh Sed i m e nts 

Bob Sta nfo rth, Dece m b e r  2017 

TRC (o rigin a l ly RMT) eva l uated sta bi l ization a p p roaches fo r the a rsenic in  Kewa nuee M a rsh sta rting in  

2005 a n d  conti n u ing thro ugh severa l phases of  work  for ten yea rs.  Seve ra l d ifferent a pp roaches were 

tested a nd a re l isted (and briefly d iscussed)  below. N ote that d ig and h a u l  (or  d ig, treat, a nd h a u l )  was 

not conside red s ince the focus was on sta b i l ization .  After the i n it ia l  testing, the test ing was often 

co n d it ioned by the a p p roach suggested by D N R .  

The a rsenic sta b i l ization a p p roaches a re genera l ly based o n  the natural  cyc l ing on a rsen ic in  the 

e nvironm e nt, as shown in  Figu re 4.1  of the 2010 Test P lots report. 

In itia l Testing (August 2007 report)  

Process Add itive Com me nt 

Adsorption A l u m i n u m  hydroxide Not very effective 

I ro n  hydroxide M o d e rately effective 

Foundry Waste Prod ucts M o d e rately effective 

Precip itatio n/adsorption Al u m i n u m  su lfate w/wo p H  control M o d e rately effective 

Fe rric su lfate w/wo pH contro l  Very effective with  p H  

control  

Red uct ion M eta l l i c  i ron Very effective 

pyrite N ot effective 

So l id ificat ion cement Very effective 

D u ring the testing, it was noted that the a rsenic co ncentrations at the site seem to be going down over 

t ime.  It was hypothesized that th is could be due to a rsenic loss as arsine d ue to the very red ucing 

cond itions i n  the m a rsh.  The n ext testing was done to see if the a rsine formation could be e n h a nced by 

add i ng b ioreducta nts. The concept worked in the l a b, but was less successfu l in  fie l d  tria ls ( p robably due 

to  the m a rsh su rface becoming oxid ized as the water level fe l l ) .  It  is more l i ke ly that  the a rsenic loss is 

due to vertica l mobi l ity to the surface, fo l lowed by su rface r u noff, but th is is a hypothesis that needs to 

be teste d .  

H o t  Spot remed iat ion 

D u ring the sta b i l izatio n investigatio ns, a reas of high a rsenic co nta m i nation were fo u n d  under and next 

to the ra i l road bed .  We looked at severa l a pproaches for remed iating this h ighly co nta m i nated a rea, 

inc lud ing gro u ndwater extraction with off-site d isposa l or  treatment and on-site treatment with either 

off-site d isposa l or  replace ment o n  site. The gro undwater extraction would  req u i re that too m uch water 

be moved, so a n  i n-situ treatment a pp roach was developed inc lud ing the fo l lowing ste ps: 

Peroxide a d d it ion to co nvert a rsen ite to a rsenate 

Ferris su lfate add it ion to precipitate a rsenic as ferric a rsenate 

Limeston e  a d d it ion fo r pH co ntrol (to neutra l ize the ac id from the ferric iron)  

Benton ite to lowe r the p e rm e a b i l ity fo l lowing treatment 

The a pproach was i m plemented in  2011 a nd was genera l ly successfu l at reduc ing d issolved a rse nic to 

m uch lower leve ls than before treatment. 



As a fo l low- u p  to the hot spot remediation, D N R  req uested that an injecta ble reagent be developed fo r 

the a rea immediately adjacent to the hot spot, with the idea being that the reagent cou ld  be intro d u ced 

via Geoprobes and without distu rbing the m a rs h .  The a p p roach developed uti l izes a sod i u m  lactate

fe rro us  s u lfate reagent that sti m u lates the bacte(a to generate very red ucing con d it ions and immobi l i ze 

a rsenic  a s  a su lfide compound (such as a rseneo-pyrite - FeAsS) .  The approach worked wel l  in the lab, 

but  has  not been tested i n  the fie l d .  Note that the red uced a rsenic wi l l  stay sta ble as long as the 

condit ions a re red u cing ( i . e .  in  the gro u ndwater). 

What a re some approaches that could be used for l a rger sca le remediation at the site? 

Possibly 

• Dig a n d  h a u l  with d isposa l as a hazardous waste 

• D ig, treat to render  n o n haza rdous, a nd h a u l  
• Treat with fe rric iron a nd p lace a bove gro u n d  

• Treat with fe rrous i ro n/su lfide a nd p lace be low the gro u ndwater ta b le  

• Treat with cement a n d  p lace a nywh e re (Co u ld we use the cement to m a ke a rest a rea by the 

tra i l ,  o r  place on  the downgra d ie nt edge a nd use that a s  the nonpe rmeable  barrier suggested 

below?) 
• Replace the cap with a layer e ither of ferro u s  s u lfide or meta l l ic i ro n  ( be low the groundwater 

tab le)  o r  ferric o r  a l u m i n u m  oxide (a bove t h e  gro u ndwater), o r  with a nonpermeable layer (e .g .  

benton ite) to trap  conta m i nated gro undwater below the ca p.  We need to do something to sto p 

the ve rtica l m igration of a rsenic. 
• I n  conj u nction with replacing the cap, insta l l  a nonpermeable barrier a ro u nd the downgradient 

edge of the co nta m i nated a rea (th is  is Ted O'Co n n e l l 's idea ) .  
• Some fo rm of phyto remediat ion.  



Victor, Elizabeth A - D N R  

From: 

Sent: 

To: 

Subject: 

Ki l l ian, Ja mes - D N R  

Wednesday, J u ly 2 5 ,  20 1 8  3:30 P M  
Bougie, Cheryl - D N R; Victo r, E l izabeth A - D N R  

Kewa u ke�_response_to_q u estion_g age_d ifferences.xlsx 

Here's t h e  data from the NOAA gage at Kewa unee H a rbor  for J u n e  20th.  I do n 't  know the t imes that Liz too k  

the s a m ples o n  the cap, but I estimated between 10:00 a m  a n d  1 :00p m .  I t h e n  averaged the lake e l evation for 

th is t i m e  period (see high l ighted a re a ) .  This  resu lts i n  a l a ke e l evation of 580.85' ( I G LD85) .  

I know fro m p revio us  work i n  2001/2002 t h a t  t h e  river at t h e  RR bridge is an  a ve rage of .45' h igher t h a n  the l a ke 

l eve l at t h e  harbor  (see gra p h  be low) .  This p uts the river at 5 8 1 . 3 '  +/- .12  st dev. fo r the ass u m e d  J u n e  20th 

sa mpl ing period . 

This is q u ite close to the " new gage" reading of 581.5 1',  (certa in ly  m uch c loser tha n 582.26 ' . )  

The lake e levation at Kewa u n e e  has  o n ly b ro ke 581 twice s i n ce 2012, for a very s h o rt per iod.  I t ' s  h ig h l y  u n l i ke ly 

the river gage wou ld  ever a p p roach 582' without some k ind of extrem e  seiche event.  

I d o n 't know who or how e l evations were set at the east ( o l d )  gage. I d id n't do that wo rk. 

2001 Kewaunee River Water Levels 
580.00 

- bridge (felog) 
579.50 

- harbor (NOAA) 

- U SGS gage � 0 578.50 
� (!) = 
c 0 � 578.00 ., jjj 

577.50 

576.50 
5/1 9/01 0:05/29/01 O:OCB/8/01 O:OCB/1 8/01 0:06/28/01 0:007/8/01 0:007/1 8/01 O:OCT/28/01 O:Oal/7/01 O:Oal/1 7/01 0:018/27/01 0:00 

Date/Time 

1 (j§) 



.�.--�----�,, 'I 
I Lake Elevations in Kewaunee Harbor (NOAA Station 9qB70J68) ·' _,. / 

Date Tim e  Water Level Sigma 

06/20/2018 9 :54 580.853 0.026 ( .  
06/20/2018 10:00 580.787 0.039 580.8502903 
06/20/2018 10:06 580.978 0.01 
06/20/2018 10:12 580.906 0.059 581.3002903 
06/20/2018 10:18 580.653 0.036 
06/20/2018 10:24 580.902 0.026 
06/20/2018 10:30 580.955 . 0.043 
06/20/2018 10:36 580.879 0.026 
06/20/2018 10:42 580.709 0.02 
06/20/2018 10:48 581.04 0.023 
06/20/2018 10:54 580.814 0.023 
06/20/2018 11 :00 580.83 0.049 
06/20/2018 11:06 580.85 0.059 
06/20/2018 11:12 580.909 0.039 
06/20/2018 11:18 580.83 0.033 
06/20/2018 11 :24 580.797 0.026 
06/20/2018 11:30 580.932 0.013 
06/20/2018 11:36 580.666 0.036 
06/20/2018 11:42 580.883 0.072 
06/20/2018 11 :48 580.994 0.033 
06/20/2018 11 :54 580.873 0.01 
06/20/2018 12:00 580.787 0.007 
06/20/2018 12:06 58.0.899 0.023 
06/20/2018 12:12 580.879 0.01 
06/20/2018 12:18 580.702 0.052 
06/20/2018 12:24 580.846 0.046 
06/20/2018 12:30 580.912 0.033 
06/20/2018 12:36 580.804 0.01 
06/20/2018 12 :42 580.722 0.033 
06/20/2018 12:48 580.95 1  0.026 
06/20/2018 12 :54 580.856 0.007 
06/20/2018 13 :00 580.814 0.039 
06/20/2018 13 :06 580.899 0.02 
06/20/2018 13 :12 581.037 0.013 
06/20/2018 13 :18 580.846 0.007 
06/20/2018 13 :24 580.853 0.013 

. . . . . . . . 

...... _____ _,,,,... \ 



DATE: October 22, 20 1 8  

TO: El izabeth Victor - Green Bay 

F ROM: Shaun Shields 

SUBJECT: Appl icable Water Qual ity Criteria for the Kewaunee Marsh Arsenic Spil l  Site 

This is in response to your request for water qual ity based effluent l i m its for the diffuse surface water 
discharge of Arsenic from contaminated sediment and soi l  from the Kewaunee Marsh Arsenic Spi l l  S ite 
to the Kewaunee R iver. The following evaluates applicable criteria for the surface waters affected by the 
Kewaunee Marsh Arsenic Spi l l  Site. 

The Kewaunee Marsh Arsenic Spi l l  S ite is  located in a wetland adjacent to the Kewaunee River, and as a 
water of the state, water qual ity criteria are applicable to this wetland as wel l  as the Kewaunee River and 
Lake M ichigan to protect for downstream impact. Appl ication of water qual ity criteria to wetlands is 
outlined i n  chs. N R  1 03,  I 04, and 1 06, Wis. Adm Code. In accordance to s. N R  1 04.02(3)(b) 1 ,  wetlands 
are classified as l i mited aquatic l ife or marginal surface waters and Arsenic toxicity criteria for l imited 
aquatic l ife waters outl ined in ch. NR 1 05 are applicable to this wetland. 

When considering discharges to the Kewaunee River downstreams impacts for Lake M ichigan must also 
be considered. Background ambient data are used to evaluate if discharges wil l  exceed the water qual ity 
criteria. Monitoring at upstream sites indicated a background level ranging from 0-5 .25 J.lg/L with an 
average of 1 .63 J.lg/L. Additionally, downstream monitoring indicated an arsenic levels of 1 .2 J.lg/L. 
Monitoring indicates background concentrations of arsenic in the Kewaunee R iver are l i ke ly greater than 
0.2 J.lg/L which is the criteria for Lake Michigan . .  Its known that arsenic levels in Lake M ichigan are 
about 0.9 ug!L, wh ich exceeds the h uman cancer criteria for this waterbody. Because both the Kewaunee 
River and Lake Michigan currently exceed 0.2 ug/L, any arsenic transport from the Kewaunee Marsh Site 
at concentrations over 0 .2 ug/L would contribute to an exceedance of water qual ity criteria for protection 
of the public water supply uses of Lake M ichigan. 

Due to the background concentrations and the resu lting lack of avai lable d i lution from the stream flow in 
the Kewaunee River, the most stringest applicable criteria in this situation is the criteria appl icable to 
Lake M ichigan. H the arsenic concentration in the overlying water of the wetland or groundwater 
discharging to the Kewaunee River meets the human cancer criteria for public water supply of 0.2 
J.LgiL, it is likely to be sufficiently protective of human health and water quality in the wetland,the 
Kewaunee River, and Lake Michigan. 

Applicable Water Quality Criteria for Arsenic 

Kewaunee Marsh Kewaunee River 
Lake M ichigan 

Criteria (J.lg/L) Limited Aquatic Life Warm Water Sport F ishery 
Cold Water 

Publ ic Water 

Acute Toxicity 340 340 340 

Chronic Toxicity 1 52 .2 1 52.2 1 48 

Human Cancer 40 1 3 .3 0 .2 

Primed nn R�:c�<dcd P:-ir�!r 
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If additional sampling of the Kewaunee River shows levels of Arsenic below 0.2 Jlg/L, th is  site may be 
re-evaluated to determine a level of arsenic that will  not exceed the human cancer criteria for a pub l ic 
water supply. 

Previous work aimed at applying methodology to derive 'effluent limits' using groundwater discharge to 
the Kewaunee River towards deriving benchmarks for remediation efforts. It is bel ieved that it may not be 
appropriate to apply the l imit calculating methodology for wastewater dischargers to the diffuse nature of 
the arsenic transport to the Kewaunee River from the Kewaunee Marsh Arsenic Spi l l  S ite. Total arsenic 
transport includes various pathways including erosion, groundwater, and surface water which are not 
adequately accounted for using methods appl icable for wastewater dischargers in chs. NR 1 02, 1 04, 1 05, 
and 1 06.  Furthermore, certain water quality criteria are appl icable in the marsh itself for protection of the 
designated uses of a wetland, since this  is a water of the state. 

This evaluation does not consider the Public Heath Groundwater Quality Stanards in cb. N R  1 40. 

If there are any questions or comments, please contact Shaun Shields at (920) 662-5 1 03 or 
Shaun . Sh ields@wisconsin.gov or Diane F igiel at (608) 264-6274 or Diane.Figiel@wisconsin.gov. 

ATTACHMENTS (2): Background Monitoring Data, Maps of Monitoring Data and Treatment Area 

E-cc: Rachel Fritz, Water Resources Engineer - Madison 
D iane Figiel, Water Resources Engineer - WY /3 



Attachment # 1 :  Background Monitoring Data 

ill Date Arsenic 
SW-3 4/1 8/2003 * 2.06 Near north of fence 
SW-3 l l /2/2005 N.D Near north of fence 

KMWT-0 1 6/ 1 / 1 997 N O  N orth o f  Site 
Back0 1 -0 1  7/26/200 1 N O  First bend in Kewaunee River 

R-2 1 /3 0/ 1 995 4. 1 North East of Site Near Mouth 
SW- 1 1 4/23/20 1 3  5 .25 Near mouth N E  of site, near R-2 location 
SW-9 I 0/26/20 1 2 N O  Just of treatment area 

1 .63 
Downstream 

I D  Date Arsenic 
R-3 1 /3 0/ 1 995 1 .2 At HWY 42 Near Confluence with Lake 

*Total dissolved Arsenic (total recoverable arsenic N .D.)  

Upstream 
Sample (uv'L) Description 

slough 
slough 

upstream 
Slough 

slough sampling 
upstream 

Average 

Sample (u!!IL) Description 
Bridge Michigan 
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Attachment #2: Map of Background Monitoring Sites 

WPDES Viewer Map 

BackOl-01 Non-detect As 

KMWT-01: North of Site As Not detected 

SW-11 Dissolved As: 5.251Jg/L 

-2 Total Recoverable .As: 4.1J,Lg/L 
, , , 

W-9: As Not Detected 

• r 
A Approximate Treatment rea 

0.5 0 0.25 

NAD_1953_HARN_IA1oc0Min_TM 'I : '1 5,840 

R-3 Total Recoverable As: 1.21!£/L 
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Attachment #2: Map of Treatment Area 

(<0. 'I 

Map Sourc.P: RVT, Inc 
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